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FORM 2C - NPDES

Item II-A: LINE DRAWING

Steam and Evaporative Losses

A precise water balance cannot be provided as a considerable amount of water is released to the
atmosphere as steam or evaporation, and we do not have estimates or measurements of these
water losscs, which can vary greatly with season and station operating conditions. The dashed
lines on the drawing represent flows that occur on an intermittent basis. Rainfall runoff
contributing to average flows of internal discharges is not available for several sources or
treatment units.

Industrial Storm Water Discharges

Industrial storm water discharges from the station to the James River, Farrar Gut, and Aiken
Swamp are identified for informational purposes only. These discharges are permitted under
the VPDES General Storm Water Permit VAR540079.

Item II-B: WASTEWATER SOURCES TO EACH OUTFALL

Non-Process Water Discharges

There is no discharge of process water from the following points:

¢ Intake screen backwash ‘

¢ Occasional pumping of river water from intake screen wells to permit access for
maintenance

e Discharges associated with the routine testing of the fire fighting system involving the
withdrawal and direct return of water from the river

e The discharge from one sump pump each in the condenser cooling water intake pump
rooms for Units 7 and 8.

OUTFALL 004: Lower (Old ) Ash Pond

The Old (Lower) Ash Pond is located across Coxendale Road south of the Chesterfield Power
Generation Facility. Fly ash, bottom ash, and pyrites produced by generating units 3, 4, 5, and
6 are sluiced to the head of the ash pond using water withdrawn from the circulating river water
system. The ash sluicing system typically operates 24 hours per day and alternates between
bottom ash or fly ash as needed with the flow rate dependant on which generating units are on
line. Wastewater treatment in the Lower Ash Pond consists primarily of settling, and chemical
coagulants may be added from time to time to facilitate this process. Chemicals may also be
added as needed for pH adjustment to ensure that the discharge pH is within the allowable
range. Ash that settles within the ash pond is manually removed and is transported via truck to
the New Ash Pond where it is used in the pond closure project. Bottom ash sluice may be
directed to a processing area where a portion of the bottom ash is removed for beneficial reuse.



In addition to ash sluice water, the Old Ash Pond also receives most of the station’s low
volume wastes, non-chemical cleaning wastes, chemical cleaning wastes (via the metals pond),
and coal pile runoff. The ash pond also receives effluent from the FGD chloride purge stream
wastewater treatment plant, screen backwash associated with the reuse of Proctors Creek
WWTP effluent, wastewater from the station’s car wash (non-chemical), and storm water from
the Unit 6 FGD runoff collection system, from a portion of Drainage Area 4 (includes
demineralizer building and associated ASTs), and from various other onsite tank containment
areas including the station’s light oil storage tank.

Metals Cleaning Waste Treatment Basin or Metals Pond (Qutfall 104)

The influent flows to the metals cleaning waste treatment basin (Outfall 104) consist of
chemical cleaning wastes from periodic cleanings of the station’s boilers, and non-
chemical wastewater from precipitator and air preheater washes. Non-chemical
cleaning wastewater from exterior boiler washes is typically routed directly to the ash
pond via the master sump. The volume of wastewater generated by individual chemical
and non-chemical washings is not measured. These wastewaters are generated
infrequently, and the volume of water generated during a particular washing event is
dependent on the amount, type and condition of the equipment being cleaned.

Flue Gas Desulphurization Chloride Purge Stream Wastewater Treatment Plant and
Associated Storm Water Runoff

Flue gas desulphurization (FGD) is the current state-of-the art technology used for
removing sulfur dioxide (SO,) from the exhaust flue gases from steam electric power
plants that burn coal or oil. Dominion is installing FGD technology at CPS to reduce
SO; emissions from four pulverized coal-fired generating units 3, 4, 5, and 6.
Installation of the FGD technology associated with Unit 6 was completed, and the unit
became operational, during 2008. A second FGD is currently being constructed to
handle the combined SO, emissions from Units 3, 4, and 5. The scrubber tie-ins to the
second FGD unit are scheduled to begin during the spring 2011 and should be
completed by spring 2012.

The FGD technology being installed and operated at CPS involves a wet scrubbing
system where pulverized limestone is blended with water to form a slurry. The slurry is
then sprayed into the exhaust flue gas and the calcium carbonate (CaCOs3) in the slurry
reacts with the SO; in the flue gas to form calcium sulfate (CaSOy4) or gypsum. The
resulting gypsum is collected, and then dewatered using two stages of hydro-cyclones
followed by vacuum filtration to separate and reclaim the gypsum. The remaining
water is returned for reuse in the scrubber.

The primary source of make-up water to the FGD units is final effluent from the
Proctors Creek Wastewater Treatment Plant (WWTP). Wastewater from the Proctors
Creek WWTP 1is discharged to the James River through two pipes, which run along a
Chesterfield County easement through Dominion property just west of the station’s
barge slip. The wastewater for reuse at CPS is diverted from the two discharge pipes
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via a pumping station located on Dominion property adjacent to the County’s discharge
pipes. James River water will serve as a back-up water source to the FGD.

Each FGD unit requires approximately 1,400 gpm (2.016 mgd) of make-up water. The
great majority of the make-up water to each FGD will be lost to the atmosphere through
evaporation. Dominion may also use about 2,000 gpm (2.88 mgd) of additional Proctors
Creek effluent as make-up water to many other plant processes that are currently
supplied by water withdrawn from the James River.

Dominion plans to reclaim gypsum that is suitable for use in the manufacture of
commercial wallboard. To produce wallboard-quality gypsum requires the use of a
high purity limestone in conjunction with a gypsum reclamation process designed to
maintain a chloride concentration of less than 30,000 mg/L in the circulating FGD water
system. Maintenance of the appropriate chloride concentration will be accomplished
through use of a blowdown (or purge) stream. Each FGD unit will generate
approximately 0.115 mgd of CPS that will be directed to the stations FGD wastewater
treatment facility (WWTF) located south of the Unit 6 FGD and just southeast of the
station’s existing fuel oil storage tank. The treated wastewater will then be directed to a
master sump, and from there will be pumped to the existing lower ash pond and will
eventually be discharged to Farrar Gut through the existing Outfall 004.

Limestone for use in the FGD units is delivered to the station by barge. The limestone
is unloaded at the stations existing barge slip and is transferred via conveyor to a
covered storage area located just northwest of the station’s existing fuel oil storage tank.
Reclaimed gypsum is stored in a covered area located just south of the barge slip
unloading area and is then loaded onto barges for delivery to a wallboard manufacturer.
Reclaimed gypsum may also be placed, along with other coal combustion by-products,
in the New (Upper) Ash Pond closure project at CPS. A reserve gypsum storage area is
located adjacent to the barge slip just north of the primary gypsum storage area.

Storm water runoff from the Unit 6 FGD site, including the limestone and gypsum
storage areas and barge slip collection sump, is collected in 3 yard sumps where it is
commingled with effluent from the FGD WWTP, routed to the head of the existing ash
pond, and eventually discharged to Farrar Gut via Outfall 004.

The wastewater treatment and storm water management facilities associated with the
installation of FGD technology at CPS were described in detail in a Concept
Engineering Report that was submitted to DEQ by letter dated October 23, 2007. The
CER was was approved by DEQ staff by letter dated March 5, 2008.



" Proctors Creck Wastewater Reuse Screen Backwash

There has been some growth of algae on the discharge structure associated with the
Proctors Creek WWTP and also within Dominion’s sump that receives the WWTP
effluent. Periodically, this algae sloughs off and clogs the strainers that are located
downstream from the sump but prior to the FGD process. Historically, the station has
removed the material from the screens by hand (~ 1/2 of 55 gallon drum per week) but
now has plans to install self cleaning screens, which would use a backwash stream of
about 180 gpm for 3 minutes a cycle at about 5 cycles per hour (~65,000 gpd). This
backwash stream will be routed to the #1 sump associated with the FGD storm water
management system, and will ultimately be discharged to Farrar Gut through Outfall
004.

. New Ash Pond Settling Basin (Outfall 005)

The new ash pond (sometimes referred to as the upper or east ash pond) is being closed.
Closure of the pond will be accomplished as described in the revised Ash Pond Closure Plan
(September 2003), Phasing Plan (May 2003), and Construction Quality Assurance Plan (May
2003), which were approved by DEQ in a letter dated September 12, 2003. As the site is
closed surface runoff is being channeled to a sedimentation basin located at the eastern end of
the ash pond. This basin discharges through Outfall 005 to Farrar Gut. The retention time of
the basin varies depending on the amount of rainfall that is received during a given period of
time. Solids that accumulate in the basin are removed as needed and are returned to the active
cells associated with the ash pond closure. During certain periods of the year (primarily
summer) the respiration of algae growing in the New Ash Pond Settling Basin (NAPSB) can
result in pond pH values that are outside of the acceptable range for discharge through Outfall
005. Should such conditions occur during periods when the NAPSB is full and excessive rains
are expected the station may transfer water from the NAPSB to the Lower Ash Pond where it is
ultimately discharged through Outfall 004

In addition to surface runoff, the sedimentation pond also receives ground water collected in
four (4) "toe drains", and from recovery wells located along Henricus Road to the east of the
basin. The recovery wells were installed during 1996 along the northern crest of the Upper
(New) Ash Pond dike. The recovery wells were installed to counter excess pressures and
seepage forces resulting from increased water levels in the new ash pond that occurred during
periods when ash was being dredged from the lower ash pond to the upper ash pond. The
wells are equipped with submersible pumps and collected water is pumped to the pond
associated with Outfall 005. With dredging and sluicing wet ash no longer occurring and water
levels well below former trigger levels, these wells are no longer necessary to maintain stability
of the north dike.

Intake Screen Backwash Discharges (Outfalls 006 — 011)

The cooling water intake structures at the Chesterficld Power Station are equipped with trash
bars, vertical traveling screens, and an intake screen backwash system (ISBS). Collectively the
ISBS consists of thirteen individual backwash flows (designated as Outfalls 006 ~ 011 in the
current VPDES permit) to the main channel of the James River. Operation of the ISBS is on an
“as needed” basis with the frequency of operation dependent on the amount of debris that is
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present in the river. Typically spring (March and April) and fall (October and November) are
the periods of highest ISBS operation. During other periods of the year the ISBS is operated
approximately two hours per day.

The intake screen wash water for all units is James River water that is taken from the station’s
circulating water system before contact with industrial processes. Historically, chlorine was
added to the circulating water system at points prior to removal of the water for use in the
ISBS. As a result, monitoring data indicated that some residual chlorine was present in the
ISBS discharges and, consequently, water quality-based effluent limits for total residual
chlorine (TRC) were included on Outfalls 006 — 011 when the permit was reissued effective
December 10, 2004. Also included in the permit was a four-year schedule requiring
compliance with the TRC limits by December 10, 2008.

By letter dated June 8, 2006, Dominion submitted to DEQ our Plan of Action and Conceptual
Engineering Report for achieving compliance with the TRC limits. The compliance method
selected was to relocate the points for chlorine injection to locations downstream from where
the water is withdrawn for use in the ISBS. The compliance plan was approved by DEQ on
June 23, 2006, and Dominion began implementation of the plan in August 2006. Relocation of
all chlorine injection points was officially completed during the fall of 2008 and there is no
longer a station source of chlorine to the screen backwash discharges. Consequently, all ISBS
discharges now consist of James River water that has not been contaminated by use in any plant
processes, and DEQ staff have indicated that these outfalls will be removed from the permit
during the upcoming reissuance process. :

ITEM II-C; INTERMITTENT AND/OR SEASONAL DISCHARGES
Outfall 005 (New Ash Pond)

The runoff pond associated with Outfall 005 is typically discharged only during two or three
months out of the year, and the duration of each discharge is usually less than 4 days.

Outfall 104 (Metals Cleaning Waste Treatment Basin)

The Metals Cleaning Waste Treatment Basin is a batch operated system, which is designed for
non-seasonal, intermittent use. Operations that contribute flows to the basin are shown on the
line drawings and as described in the narrative under Item 2A above. Typically, the valve is
opened to begin the discharge and is not closed again until the pond is drained. During a
typical discharge approximately 20 million gallons is released from the pond over a period of
about 10 days. The pond level at the start of a discharge is not consistent from discharge to
discharge, and, therefore, the total volume discharged from the metals pond during any single
discharge event can vary substantially depending on the volume present in the pond prior to
discharge.



Intake Screen Backwash System

The Intake Screen Backwash System is designed to discharge seven days per weck and twelve,
months per year. In practice, however, the system does not operate continuously and individual
backwash flows are highly variable. Based on flow estimates determined for the individual
unit backwash systems, the collective long-term average (assuming all units operated for 2
hours per day) and daily maximum (assumes all units operated continuously for a 24-hour
period) flow rates for the system are 0.60 MGD and 7.24 MGD, respectively. The
corresponding long-term average and maximum daily discharge volumes are 0.60 MG and 7.24
MG, respectively.

ITEM IV-A: IMPROVEMENTS

Installation of Flue Gas Desulphurization Technology

Flue Gas Desulphurization technology is being installed at the Chesterfield Power Station. Sce
discussion under Item II-B for description of potential impacts.



FORM 2C ITEM V-D

Chemical Approximate | Purpose of Usage
Usage / Year
Carbon Dioxide ~10 tons Fire suppression systems and generator degassing
Propylene Glycol Constant Use | Antifreeze in heat transfer systems for natural gas
Makeup Only | and unit combustion air,
Ethylene Glycol Constant Use | Antifreeze in vehicles and equipment.
Makeup Only
Diethylene Glycol/ Varies Antifreeze in vehicles and equipment and freeze
Triethylene Glycol conditioning of coal. Grinding agent for Marsulex

limestone.

Unleaded Gasoline Varies Fuel

Calcium Hydroxide ~408 tons pH adjustment in settling ponds and FGD WWTP

Hydrated Lime

BetzDearborn KlarAid Varies Settling aid (ash pond)

PC 1195 (coagulant)

Unleaded Gasoline Varies - Fuel

Diesel Fuel Varies Fuel

Sulfuric Acid ~478 tons Regenerate chemical for demineralizer system

Sodium Hydroxide ~923 tons Regenerate chemical for demineralizer system

(Caustic 50%)

Sodium Hydroxide 25% | ~108 tons pH control in water plant

Sodium Chloride ~550 tons Water treatment for softener regeneration

Sodium Hypochlorite ~200 tons Condenser cooling water chlorination, vartous

(Bleach 12%) sanitation activities

Sodium Bisulfite (37%) | ~1,000 tons De-chlorination of condenser cooling water/RO
mfluent

Methoxypropylamine ~8 tons Corrosion control in plant condensate system

Carbohydrazide ~8 tons Corrosion control in plant condensate and boiler
systems (reducing agent)

Trisodium Phosphate ~10 tons Corrosion control in plant boilers

Anhydrous Ammonia 4,000 tons SCR use

TMT 15 ~21 tons Heavy metal removal, Waste Water Treatment
Plant

Hydrochloric Acid ~40 tons pH control, Waste Water Treatment Plant, Boiler
Chemical Cleaning.

Ferric Chloride ~41 tons Coagulant, Waste Water Treatment Plant

Dibasic Acid &/or Varies Limestone slurry aid, Waste Water Treatment Plant

Formic Acid

Nalco 7768 Varies-+ Floculant, Waste Water Treatment Plant

Wastewater sludge 14 tons Transported off site

{varies)
Limestone 46,834 tons Scrubber absorber & Marsulex system
Gypsum 65,948 tons Scrubber commercial product
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FORM 2C ITEM V-D

Chemical Approximate | Purpose of Usage
Usage / Year
Xylene As needed- Paint ingredient only (not allowed as stand alone
solvent)
Methyl Ethyl Ketone N/A Paint solvent (not allowed on site as stand-alone
solvent)
Ammonium EDTA Varies Boiler cleaning
Aqueous Ammonia Varies Boiler cleaning
Thiourea Varies Boiler cleaning (copper complexor)
Ammonium Carbonate N/A Chemical cleaning of plant equipment
Sodium Nitrite N/A Chemical cleaning of plant equipment
Ammonium Bicarbonate | N/A Chemical cleaning of plant equipment
Citric Acid N/A Chemical cleaning of plant equipment
Sodium Bromate N/A Chemical cleaning of plant equipment
Ammonium Bifluoride N/A Chemical cleaning of plant equipment
Wen Don CL89 Varies General cleaning of various station equipment
Detergents / cleaning Varies General cleaning of various station equipment
agents
Soda Ash (Sodium Varies General and chemical cleaning pH control
Carbonate)
Denatured Alcohol As needed Various maintenance activities
Natural Gas Condensate | <200 gals Byproduct collected from use of Natural Gas
Tri-aryl Phosphate N/A Hydraulic fluid for turbine operation control
Mercury N/A Mercoid switches, thermometers, ctc.
Nalco 3D Trasar 3DT189 | 655 pounds Cooling Tower treatment
aromatic amine
Nalco 7330 varies Cooling Tower treatment
Nalco Towerbrom991 225 pounds Cooling Tower micro biocide
Nalco 8325 55 gallons Cooling Tower treatment corrosion inhibitor
Mineral Oil Varies Equipment lubrication
Mineral Onl Varies Equipment lubrication

ITEM VI: USE OR MANUFACTURE OF A TOXIC POLLUTANT AS AN
INTERMEDIATE OR FINAL PRODUCT OR BYPRODUCT

The following pollutants listed in ITEM V-C may be present in coal and/or coal combustion

by-products:

Total Antimony
Total Arsenic

Total Beryllium
Total Cadmium.
Total Chromium

Total Copper Total Silver
Total Lead Total Thallium
Total Mercury Total Zinc
Total Nickel Total Cyanide
Total Selenium Total Phenols
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Fact Sheet
Dominion — Chesterfield Power Station
Attachments

Attachment 3

Ambient Stream Characterization



MEMORANDUM

DEPARTMENT OF ENVIRONMENTAL QUALITY
Piedmont Regional Office
4949-A Cox Road Glen Allen, Virginia 23060

SUBJECT: Flow Frequency Determination / 303(d) Status
Dominion Virginia Power’s Chesterfield Power Station — VA0004146

TO: Emilee Carpenter
FROM: Jennifer Palmore, P.G.
DATE: November 4, 2011
COPIES: File

The Dominion Virginia Power’s Chesterfield Power Station is located in Dutch Gap, Virginia. The facility
discharges via 11 outfalls to the James River and Farrar Gut, which is an old channel of the James River.
Stream flow frequencies and the current 303(d) status have been requested for use in developing effluent
limitations for the VPDES permit.

At the discharge, the James River is tidally influenced. Flow frequencies cannot be determined for tidal
waters and tidal mix ratios should be used for outfalls 001, 002, and 006-011. Farrar Gut is also tidal;
however, the gut is dominated by the discharge from the power station’s outfall 003, which is the
condenser cooling water from units 4, 5, & 6. The effluent flow from outfall 003 should be used for
analysis for outfalls 003, 004, and 005.

During the 2010 305(b)/303(d) Water Quality Integrated Report, the receiving streams were assessed as
Category 5A waters (“A Water Quality Standard is not attained. The water is impaired or threatened for
one or more designated uses by a pollutant(s) and requires a TMDL (303d list).”). The applicable fact
sheets are attached. In the James River, the Recreation Use is impaired due to E. coli violations, the
Fish Consumption Use is impaired due to a VDH Fish Consumption Advisory for PCBs, and the Aquatic
Life Use was impaired due to violation of the chlorophyll a standard as well as inadequate submerged
aquatic vegetation (SAV)and low dissolved oxygen in the upper James River tidal freshwater estuary. In
addition, there were screening level exceedances for mercury and arsenic in fish tissue and the area is
included in the VDH Fish Consumption Advisory for kepone; these are considered non-impairing
“observed effects”. The Public Water Supply and Wildlife Uses were fully supporting.

Farrar Gut was also impaired of the Aquatic Life Use due to the SAV and dissolved oxygen impairment in
the estuary. The Fish Consumption Use is considered fully supporting with observed effects due to the
kepone advisory. There was insufficient information to assess the Recreation Use; however E.coli was
considered a non-impairing observed effect. The Wildlife Use was not assessed.

The James River and Tributaries -City of Richmond Bacterial TMDL was approved by the EPA on
11/4/2010. The power station was included in the TMDL,; however, the facility was not assigned a
bacteria wasteload allocation because it is not permitted for fecal coliform control.

The Chesapeake Bay TMDL was approved by the EPA on 12/29/2010. The TMDL addresses SAV,
dissolved oxygen, and chlorophyll a impairments in tidal waters throughout the Chesapeake Bay.
Dominion Virginia Power Chesterfield was included in the aggregated total nitrogen, total phosphorus,
and total suspended solids (TSS) allocations for significant wastewater facilities in the upper James River



VA0004146 Dominion Virginia Power
Flow Frequency Determination
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Page 2

tidal freshwater estuary segment (JMSTF2). The Watershed Implementation Plan states that the nutrient
allocations will be addressed through the Nutrient Watershed General Permit and that technology-based
limits for TSS should be included in individual VPDES permits.

The James River and Farrar Gut are considered Tier 1 waters because the Richmond-Crater Water
Quality Management Plan allows the dissolved oxygen in the river to drop to 5.0 mg/L.

Water quality data from monitoring station 2-JMS099.30 is attached. The station is a long-term
monitoring station located at Buoy 157, approximately 4 miles upstream of Farrar Gut. The data from this
station represent background ambient (pre-mix) conditions before interaction with the heated effluent from
the facility.

As the Water Quality Standards designate this area as tidal freshwater, the freshwater Aquatic Life
criteria should be applied.

If you have any questions concerning this analysis or need additional information, please let me know.



Station ID Collection Date |Depth Desc |Depth |Temp Celcius |Field Ph |Do Probe Do Winkler |Fdt Do Optical |Salinity |Secchi Depth
2-JMS099.30 7/22/1968|S 0.3 30 7 3.8
2-JMS099.30 9/8/1968 |S 0.3 27.22 7 3.9
2-JMS099.30 3/20/1969|S 0.3 10 7.2 8.8
2-JMS099.30 6/19/1969|S 0.3 25.56 6.3 4.7
2-JMS099.30 10/2/1969|S 0.3 21.11 7.3 3.6
2-JMS099.30 4/21/1970|S 0.3 17.78 7.3 6.8
2-JMS099.30 5/5/1970|S 0.3 20 6.9 7.6
2-JMS099.30 6/18/1970|S 0.3 28.33 6.8 4.4
2-JMS099.30 7/2/1970|S 0.3 28.89 3.8
2-JMS099.30 7/22/1970|S 0.3 27.78 7.2 1.6
2-JMS099.30 8/15/1970|S 0.3 31.11 7.3 3.6
2-JMS099.30 8/26/1970|S 0.3 28.89 6.9 3.2
2-JMS099.30 9/9/1970|S 0.3 29.44 4.2
2-JMS099.30 5/6/1971|S 0.3 17.22 7.3 6.2
2-JMS099.30 6/13/1971|S 0.3 23.33 7.3 6
2-JMS099.30 7/5/1971|S 0.3 28.89 8.6 8.2
2-JMS099.30 7/23/1971|S 0.3 28.33 7.5 4
2-JMS099.30 8/3/1971|S 0.3 29.44 7.3 5
2-JMS099.30 8/31/1971|S 0.3 26.11 6.7 6.4
2-JMS099.30 9/26/1971|S 0.3 23.89 7.5 6.4
2-JMS099.30 10/27/1971|S 0.3 18.89 7 9
2-JMS099.30 5/2/1972|S 0.3 20.56 7.3 6
2-JMS099.30 7/8/1972|S 0.3 21.11 7.4 8.4
2-JMS099.30 7/3111972|S 0.3 25 8.4
2-JMS099.30 8/9/1972|S 0.3 26.67 7.7 6.8
2-JMS099.30 8/20/1972|S 0.3 7 6
2-JMS099.30 9/5/1972|S 0.3 25.56 7 7.2
2-JMS099.30 10/4/1972|S 0.3 21.11 7.7 7
2-JMS099.30 5/3/1973|S 0.3 17.78 7 8.3
2-JMS099.30 6/6/1973|S 0.3 26.11 7.8 7
2-JMS099.30 6/9/1973|S 0.3 28.89 7.9 11.79
2-JMS099.30 7/15/1973|S 0.3 28.33 7.3 4
2-JMS099.30 9/29/1973|S 0.3 29.44 7 3.6
2-JMS099.30 8/30/1974|S 0.3 28 7.5 7
2-JMS099.30 9/26/1974|S 0.3 21 7.5 7.2
2-JMS099.30 10/25/1974|S 0.3 15 8 11.19
2-JMS099.30 5/1/1975|S 0.3 17.22 7.3 9.1
2-JMS099.30 6/4/1975|S 0.3 7.3 7.9
2-JMS099.30 6/24/1975|S 0.3 28.33 8 8
2-JMS099.30 6/30/1975|S 0.3 26.67 7.5 7.8
2-JMS099.30 7/28/1975|S 0.3 27.78 8 7.6
2-JMS099.30 8/13/1975|S 0.3 27.78 7.5 7
2-JMS099.30 8/16/1975|S 0.3 30 7.7 7.8
2-JMS099.30 9/3/1975|S 0.3 23.89 74 7.7
2-JMS099.30 10/1/1975|S 0.3 20 7.5 9.2
2-JMS099.30 2/12/1976|S 0.3 5.56 7.5 12.69
2-JMS099.30 3/11/1976|S 0.3 10 7.5 10
2-JMS099.30 5/4/1976|S 0.3 20 7.5 8.4
2-JMS099.30 6/7/1976|S 0.3 22.22 7.2 8.1
2-JMS099.30 5/22/1978|S 0.3 20 8 9
2-JMS099.30 6/15/1978|S 0.3 25 9 4.7
2-JMS099.30 7/11/1978|S 0.3 8 8 6.1
2-JMS099.30 8/3/1978|S 0.3 5 7 5.5
2-JMS099.30 9/25/1978|S 0.3 26 8.5 71
2-JMS099.30 12/12/1978|S 0.3 8 7.5 11.7
2-JMS099.30 4/24/1979|S 0.3 19 7.7 8.7
2-JMS099.30 5/19/1980|S 0.3 21 8.3 8.3
2-JMS099.30 7/16/1980|S 0.3 28.5 8.3 7
2-JMS099.30 10/20/1980|S 0.3 18 8 7.7
2-JMS099.30 7/27/1981|S 0.3 29 8.7 7.8
2-JMS099.30 9/8/1981|S 0.3 26 7.8 7
2-JMS099.30 11/16/1981|S 0.3 11 7.2 6.9
2-JMS099.30 5/13/1982|S 0.3 215 8.7 7.2
2-JMS099.30 6/24/1982|S 0.3 25 7.5 7
2-JMS099.30 8/9/1982|S 0.3 28 7.2 5.5
2-JMS099.30 10/28/1982|S 0.3

2-JMS099.30 11/18/1982|S 0.3 9 6.9 10.6
2-JMS099.30 5/17/1983|S 0.3 19.5 7.9 8.5
2-JMS099.30 6/28/1983|S 0.3 28.5 7 7.1 0.5
2-JMS099.30 8/30/1983|S 2.74

2-JMS099.30 8/30/1983|B 32.92

2-JMS099.30 9/20/1983|S 0.91 26.5 7.6 8 0.2
2-JMS099.30 9/20/1983|M 2.74

2-JMS099.30 9/20/1983|B 42.98

2-JMS099.30 10/3/1983|S 0.91 20 7.8 7.3 0.3




Station ID Collection Date |Depth Desc |Depth |Temp Celcius |Field Ph |Do Probe Do Winkler |Fdt Do Optical |Salinity |Secchi Depth

2-JMS099.30 10/3/1983|M 2.74

2-JMS099.30 10/3/1983|B 317

2-JMS099.30 10/12/1983|S 0.91 0.4
2-JMS099.30 7/12/1984|S 1 26 6.9 7.6

2-JMS099.30 7/31/1984|S 11 24.5 7.2 0

2-JMS099.30 7/31/1984|S 1 24.5 7.3 7.3 0 0.8
2-JMS099.30 8/15/1984|S 11 24 6.8 8.6

2-JMS099.30 8/15/1984|S 1 24 7 8.6 0.2
2-JMS099.30 9/12/1984|S 1 24 7.8 7.6 0.7
2-JMS099.30 9/12/1984|B 11 23.5 7.7 7.2

2-JMS099.30 9/25/1984|S 1 23.5 71 1
2-JMS099.30 9/25/1984|B 12 23.5 7.4

2-JMS099.30 10/11/1984|S 3 19.5 8.3 0

2-JMS099.30 10/11/1984 |M 5 19.5 8.3 0

2-JMS099.30 10/11/1984 |M 7 19 8.3 0

2-JMS099.30 10/11/1984 |M 9 19 8.3 0

2-JMS099.30 10/11/1984 |B 10 19 6.6 8.3 0

2-JMS099.30 10/11/1984|S 1 19.5 7 8.3 0 0.9
2-JMS099.30 10/18/1984 |S 1 19.5 7.2 8.5 1
2-JMS099.30 10/18/1984 |B 12 19.5 7.2 8.4

2-JMS099.30 11/2/1984|S 1 20.5 71 7.9 0 1.1
2-JMS099.30 11/2/1984|M 3 20.5 7.8 0

2-JMS099.30 11/2/1984|M 5 20.5 7.8 0

2-JMS099.30 11/2/1984|M 7 20.5 7.8 0

2-JMS099.30 11/2/1984|B 9 20.5 6.8 7.7 0 1.1
2-JMS099.30 11/16/1984 |S 1 11 7.6 11 0 1.2
2-JMS099.30 11/16/1984 |M 3 11 11 0

2-JMS099.30 11/16/1984 |M 5 11 11 0

2-JMS099.30 11/16/1984 |M 7 11 11 0

2-JMS099.30 11/16/1984 |M 9 11 11 0

2-JMS099.30 11/16/1984 |B 11 11 7.5 11 0

2-JMS099.30 12/12/1984|S 1 5 6.9 12 0.2 1
2-JMS099.30 12/12/1984 |M 3 5 12 0.2

2-JMS099.30 12/12/1984 |M 5 5 12 0.2

2-JMS099.30 12/12/1984 |M 7 5 12 0.2

2-JMS099.30 12/12/1984 |B 9 5 6.9 121 0.2

2-JMS099.30 2/4/1985|S 1 1.5 6.6 14.4 0 0.3
2-JMS099.30 2/4/1985 M 3 1.5 14.4 0

2-JMS099.30 2/4/1985 M 5 1.5 14.4 0

2-JMS099.30 2/4/1985 M 7 2 14.4 0

2-JMS099.30 2/4/1985 M 9 2 14.4 0

2-JMS099.30 2/4/1985 M 11 2 14.4 0

2-JMS099.30 2/4/1985|B 13 2 7 14.4 0

2-JMS099.30 3/11/1985|S 1 10 6.9 11.6 11.2 1.1
2-JMS099.30 3/11/1985|M 3 10 11.5 0.1

2-JMS099.30 3/11/1985|M 5 10 11.4 0.1

2-JMS099.30 3/11/1985|M 7 10 11.4 0.1

2-JMS099.30 3/11/1985|M 9 10 11.4 0.1

2-JMS099.30 3/11/1985|B 11 10 6.8 11.3 11.1 0.1

2-JMS099.30 3/27/1985|S 1 10.5 7.4 11 0 1.2
2-JMS099.30 3/27/1985|M 3 10.5 11 0

2-JMS099.30 3/27/1985|M 5 10.5 11 0

2-JMS099.30 3/27/1985|M 7 10.5 10.9 0

2-JMS099.30 3/27/1985|M 9 10.5 10.9 0

2-JMS099.30 3/27/1985|B 11 10.5 7.6 10.9 10.9 0

2-JMS099.30 4/10/1985|S 1 12 75 10 9.7 0 10.2
2-JMS099.30 4/10/1985|M 3 12 10 0

2-JMS099.30 4/10/1985|M 5 12 10 0

2-JMS099.30 4/10/1985|M 7 12 10 0

2-JMS099.30 4/10/1985|M 9 12 10.1 0

2-JMS099.30 4/10/1985|B 10 12 7.3 10.1 9.7 0

2-JMS099.30 4/24/1985|S 1 23 7.4 6.3 7.8 0 1.2
2-JMS099.30 4/24/1985|M 3 23 6.3 0

2-JMS099.30 4/24/1985|M 5 23 6.3 0

2-JMS099.30 4/24/1985|M 7 23 6.3 0

2-JMS099.30 4/24/1985|M 9 23 6.2 0

2-JMS099.30 4/24/1985|B 11 23 7.3 6.2 5.9 0

2-JMS099.30 5/8/1985|S 1 215 7.4 8.2 7.8 0 1.3
2-JMS099.30 5/8/1985|M 3 215 8.1 0

2-JMS099.30 5/8/1985|M 5 215 8.1 0

2-JMS099.30 5/8/1985|M 7 215 8.1 0

2-JMS099.30 5/8/1985|M 9 21 8.1 0

2-JMS099.30 5/8/1985|M 11 21 8.1 0

2-JMS099.30 5/8/1985|B 12 21 7.3 7.9 7.7 0

2-JMS099.30 5/22/1985|S 1 22 7.3 7.7 7.2 0 0.8




Station ID Collection Date |Depth Desc |Depth |Temp Celcius |Field Ph |Do Probe Do Winkler |Fdt Do Optical |Salinity |Secchi Depth

2-JMS099.30 5/22/1985 M 3 22 7.6 0

2-JMS099.30 5/22/1985 M 5 22 7.6 0

2-JMS099.30 5/22/1985 M 7 22 7.6 0

2-JMS099.30 5/22/1985 M 9 22 7.6 0

2-JMS099.30 5/22/1985|B 11 22 7.2 7.6 7.5 0

2-JMS099.30 6/19/1985|S 1 23.5 7.8 7.2 7.7 0 0.9
2-JMS099.30 6/19/1985 M 5 23.5 7.2 0

2-JMS099.30 6/19/1985 M 7 23.5 7.2 0

2-JMS099.30 6/19/1985 M 9 23.5 71 0

2-JMS099.30 6/19/1985|B 11 23.5 7.57 71 7.8 0

2-JMS099.30 7/2/1985|S 1 24 7.82 6.2 0.1 1
2-JMS099.30 7/2/1985|M 3 24 6.2 0.1

2-JMS099.30 7/2/1985|M 5 24 6.2 0.1

2-JMS099.30 7/2/1985|M 7 24 6.2 0.1

2-JMS099.30 7/2/1985|M 9 24 6.2 0.1

2-JMS099.30 7/2/1985|M 11 24 6.2 0.1

2-JMS099.30 7/2/1985|B 12 24 7.84 6.2 5.6 0.1

2-JMS099.30 7/17/1985|S 1 26 7.57 6.4 6.3 0 0.6
2-JMS099.30 7/17/1985 /M 3 26 6.3 0

2-JMS099.30 7/17/1985 /M 5 26 6.3 0

2-JMS099.30 7/17/1985 /M 7 26 6.3 0

2-JMS099.30 7/17/1985 M 9 26 6.3 0

2-JMS099.30 7/17/1985 /M 11 26 6.2 0

2-JMS099.30 7/17/1985|B 12 26 7.4 6.2 5.8 0

2-JMS099.30 8/5/1985|S 1 24.5 7.56 6.3 0 0.8
2-JMS099.30 8/5/1985 M 3 24.5 6.2 0

2-JMS099.30 8/5/1985 M 5 24.5 6.2 0

2-JMS099.30 8/5/1985 M 7 24.5 6.2 0

2-JMS099.30 8/5/1985 M 9 24.5 6.1 0

2-JMS099.30 8/5/1985|B 11 24.5 7.78 6.1 0

2-JMS099.30 8/15/1985|S 1 28.5 8.07 8.2 0 1.2
2-JMS099.30 8/15/1985 /M 3 28 7.2 0

2-JMS099.30 8/15/1985|M 5 275 2.1 0

2-JMS099.30 8/15/1985|M 7 275 71 0

2-JMS099.30 8/15/1985|M 9 27 6.4 0

2-JMS099.30 8/15/1985 /M 11 27 6.1 0

2-JMS099.30 8/15/1985|B 13 27 7.56 6.1

2-JMS099.30 9/4/1985|S 3 25 7.3 0

2-JMS099.30 9/4/1985|B 11 23 7.2 0

2-JMS099.30 9/4/1985|S 1 25 7.61 7.6 6.7 0

2-JMS099.30 9/4/1985|M 5 23 7.3 0

2-JMS099.30 9/4/1985|M 7 23 7.3 0

2-JMS099.30 9/4/1985|M 9 23 7.2 0

2-JMS099.30 9/4/1985|M 11 23 7.2 0

2-JMS099.30 9/4/1985 B 12 23 7.57 71 6.3 0 0.7
2-JMS099.30 9/17/1985|S 1 21 7.86 7.6 0

2-JMS099.30 9/17/1985|M 3 20.5 7.7 0

2-JMS099.30 9/17/1985|M 5 20.5 7.7 0

2-JMS099.30 9/17/1985|M 7 20.5 7.6 0

2-JMS099.30 9/17/1985|M 9 20.5 7.6 0

2-JMS099.30 9/17/1985|B 11 20.5 7.93 7.6 0

2-JMS099.30 10/2/1985|S 1 22 7.51 6.8 6.8 0 0.6
2-JMS099.30 10/2/1985|M 3 21.5 6.7 0

2-JMS099.30 10/2/1985|M 5 21.5 6.7 0

2-JMS099.30 10/2/1985|M 7 21.5 6.7 0

2-JMS099.30 10/2/1985|M 9 21.5 6.7 0

2-JMS099.30 10/2/1985|B 11 21.5 7.37 6.7 6.6 0 0.6
2-JMS099.30 10/16/1985|S 1 21 7.65 6.6 6.2 0 0.6
2-JMS099.30 10/16/1985|M 3 20.5 6.5 0

2-JMS099.30 10/16/1985|M 5 20 6.4 0

2-JMS099.30 10/16/1985|M 7 20 6.4 0

2-JMS099.30 10/16/1985|M 9 20 6.4 0

2-JMS099.30 10/16/1985|B 11 20 7.59 6.4 0

2-JMS099.30 11/18/1985|S 1 14.5 7.92 9.5 8.8 0 0.6
2-JMS099.30 11/18/1985|M 3 14.5 9.4 0

2-JMS099.30 11/18/1985|M 5 14.5 9.5 0

2-JMS099.30 11/18/1985|M 7 14.5 9.5 0

2-JMS099.30 11/18/1985|M 9 14.5 9.5 0

2-JMS099.30 11/18/1985|B 11 14.5 7.9 9.4 8.8 0

2-JMS099.30 12/4/1985|S 1 9 7.88 10.8 10.4 0 0.3
2-JMS099.30 12/4/1985|M 3 9 10.8 0

2-JMS099.30 12/4/1985|M 5 9 10.8 0

2-JMS099.30 12/4/1985|M 7 9 10.7 0

2-JMS099.30 12/4/1985|M 9 9 10.7 0

2-JMS099.30 12/4/1985|M 11 9 10.7 0




Station ID Collection Date |Depth Desc |Depth |Temp Celcius |Field Ph |Do Probe Do Winkler |Fdt Do Optical |Salinity |Secchi Depth

2-JMS099.30 12/4/1985|B 12 9 7.86 10.7 10.6 0

2-JMS099.30 1/15/1986|S 1 2.5 7.98 12.5 12.4 0 1
2-JMS099.30 1/15/1986 |M 3 25 12.5 0

2-JMS099.30 1/15/1986 |M 5 2.5 12.4 0

2-JMS099.30 1/15/1986 |M 7 2.5 12.4 0

2-JMS099.30 1/15/1986 |M 9 25 12 0

2-JMS099.30 1/15/1986 |B 11 2.5 7.77 12.2 0 1
2-JMS099.30 2/12/1986|S 1 5 7.84 11.6 11.4 0 0.7
2-JMS099.30 2/12/1986|M 3 5 11.5 0

2-JMS099.30 2/12/1986|M 5 5 11.5 0

2-JMS099.30 2/12/1986|M 7 5 11.5 0

2-JMS099.30 2/12/1986|M 9 5 11.5 0

2-JMS099.30 2/12/1986|M 11 5 11.5 0

2-JMS099.30 2/12/1986|B 12 5 7.64 11.4 11.6 0

2-JMS099.30 3/12/1986|S 1 10 7.79 10.7 10 0 1.1
2-JMS099.30 3/12/1986 |M 3 10 10.7 0

2-JMS099.30 3/12/1986 |M 5 10 10.7 0

2-JMS099.30 3/12/1986 |M 7 10 10.6 0

2-JMS099.30 3/12/1986 |M 9 10 10.6 0

2-JMS099.30 3/12/1986 |B 11 10 7.52 10.6 10 0

2-JMS099.30 3/26/1986|S 1 12 8.08 10.6 10.3 0 0.9
2-JMS099.30 3/26/1986|M 3 12 10.6 0

2-JMS099.30 3/26/1986|M 5 12 10.5 0

2-JMS099.30 3/26/1986|M 7 12 10.5 0

2-JMS099.30 3/26/1986|M 9 12 10.5 0

2-JMS099.30 3/26/1986 |B 11 12 7.79 10.5 10.4 0

2-JMS099.30 4/10/1986 |S 1 16.5 8.18 8.1 0 1
2-JMS099.30 4/10/1986 |M 3 16.5 0

2-JMS099.30 4/10/1986 |M 5 16.5 0

2-JMS099.30 4/10/1986 |M 7 16.5 0

2-JMS099.30 4/10/1986 |M 9 16.5 7.4 0

2-JMS099.30 4/10/1986 |B 10 16.5 8.25 7.4 7.9 0

2-JMS099.30 4/28/1986 |S 1 18 8.54 7.7 6.9 0 1.3
2-JMS099.30 4/28/1986 M 3 18 7.6 0

2-JMS099.30 4/28/1986 |M 5 18 7.6 0

2-JMS099.30 4/28/1986 |M 7 18 7.5 0

2-JMS099.30 4/28/1986 |M 9 18 7.4 0

2-JMS099.30 4/28/1986 |M 11 18 7.4 0

2-JMS099.30 4/28/1986 |B 12 18 8.7 7.4 7.2 1.3
2-JMS099.30 5/8/1986 |S 1 22 7.7 6.5 7.3 0 1
2-JMS099.30 5/8/1986 |M 3 22 6.4 0

2-JMS099.30 5/8/1986 |M 5 22 6.4 0

2-JMS099.30 5/8/1986 |M 7 22 6.3 0

2-JMS099.30 5/8/1986 |B 9 22 7.31 5.9 6.6 0

2-JMS099.30 5/27/1986|S 1 225 7.97 7.8 71 0 0.8
2-JMS099.30 5/27/1986 |M 3 22 7.7 0

2-JMS099.30 5/27/1986 |M 5 22 7.6 0

2-JMS099.30 5/27/1986 |M 7 22 7.6 0

2-JMS099.30 5/27/1986 |M 9 22 7.6 0

2-JMS099.30 5/27/1986|B 11 22 7.91 7.6 7.2 0

2-JMS099.30 6/9/1986 |S 1 27 7.84 6 6 0 1
2-JMS099.30 6/9/1986 |M 3 27 5.8 0

2-JMS099.30 6/9/1986 |M 5 27 5.7 0

2-JMS099.30 6/9/1986 |M 7 27 5.7 0

2-JMS099.30 6/9/1986 |B 9 27 7.9 5.7 5 0

2-JMS099.30 6/24/1986|S 1 27 7.88 6.3 5.5 0 0.8
2-JMS099.30 6/24/1986 M 3 27 6 0

2-JMS099.30 6/24/1986 M 5 27 5.7 0

2-JMS099.30 6/24/1986 M 7 27 5.5 0

2-JMS099.30 6/24/1986 M 9 27 5.7 0

2-JMS099.30 6/24/1986|B 10 27 7.81 5.7 5.2 0

2-JMS099.30 7/8/1986|S 1 27 7.68 7.56 8.5 0 0.9
2-JMS099.30 7/8/1986 M 3 26.7 7 0

2-JMS099.30 7/8/1986|M 5 26.7 6.97 0

2-JMS099.30 7/8/1986|M 7 26.6 6.84 0

2-JMS099.30 7/8/1986 |B 9 26.6 8.23 6.76 4.6 0

2-JMS099.30 7/22/1986|S 1 30.5 8.02 6.4 6.3 0 1.2
2-JMS099.30 7/22/1986 M 3 30.5 6.1 0

2-JMS099.30 7/22/1986|M 5 30.5 5.8 0

2-JMS099.30 7/22/1986 M 7 30.5 5.8 0

2-JMS099.30 7/22/1986 M 9 30.5 5.8 0

2-JMS099.30 7/22/1986|B 11 30.5 7.86 5.7 5.5 0

2-JMS099.30 8/6/1986 |S 1 30 7.83 6.9 0 1
2-JMS099.30 8/6/1986 |M 3 30 0

2-JMS099.30 8/6/1986 M 5 30 0




Station ID Collection Date |Depth Desc |Depth |Temp Celcius |Field Ph |Do Probe Do Winkler |Fdt Do Optical |Salinity |Secchi Depth

2-JMS099.30 8/6/1986 M 7 29.5 0

2-JMS099.30 8/6/1986 M 9 29.5 0

2-JMS099.30 8/6/1986 |B 10 29.5 7.76 5 0 1
2-JMS099.30 8/20/1986|S 1 27 7.35 5.1 5 0 0.8
2-JMS099.30 8/20/1986 /M 3 27 5.1 0

2-JMS099.30 8/20/1986 /M 5 27 5 0

2-JMS099.30 8/20/1986 /M 7 27 5 0

2-JMS099.30 8/20/1986 /M 9 27 5 0

2-JMS099.30 8/20/1986 |M 11 27 5 0

2-JMS099.30 8/20/1986|B 12 27 7.4 5 5.3 0

2-JMS099.30 9/9/1986 |S 1 24 8.1 8 7.8 0 1.4
2-JMS099.30 9/9/1986 |M 3 23.5 7.7 0

2-JMS099.30 9/9/1986 |M 5 23.5 7.7 0

2-JMS099.30 9/9/1986 |M 7 23.5 7.7 0

2-JMS099.30 9/9/1986 |M 9 23.5 7.8 0

2-JMS099.30 9/9/1986 |B 10 23.5 7.96 7.8 7.2 0

2-JMS099.30 9/23/1986|S 1 21.7 8.07 8.7 0 1.2
2-JMS099.30 9/23/1986|M 3 21.6 0

2-JMS099.30 9/23/1986|M 5 214 0

2-JMS099.30 9/23/1986|M 7 21.3 0

2-JMS099.30 9/23/1986|M 9 21.3 0

2-JMS099.30 9/23/1986|B 10 21.3 8.19 7.3 0

2-JMS099.30 10/7/1986|S 1 25.6 7.82 4.9 6.5 0 1.2
2-JMS099.30 10/7/1986 |M 3 254 4.6 0

2-JMS099.30 10/7/1986 |M 5 254 4.6 0

2-JMS099.30 10/7/1986 |M 7 254 4.6 0

2-JMS099.30 10/7/1986 |M 9 254 4.6 0

2-JMS099.30 10/7/1986 |B 11 254 7.83 4.6 6.2 0

2-JMS099.30 10/28/1986 |S 1 171 7.89 8 7.8 0

2-JMS099.30 10/28/1986 |M 3 171 7.9 0

2-JMS099.30 10/28/1986 |M 5 16.8 7.8 0

2-JMS099.30 10/28/1986 |M 7 16.8 7.8 0

2-JMS099.30 10/28/1986 |M 9 16.8 7.8 0

2-JMS099.30 10/28/1986 |B 11 16.8 7.98 7.7 7.5

2-JMS099.30 11/25/1986|S 1 8.5 8.07 11.2 0 1.6
2-JMS099.30 11/25/1986 |M 3 8.5 11.2 0

2-JMS099.30 11/25/1986 |M 5 8.5 11.2 0

2-JMS099.30 11/25/1986 |M 7 8 11.2 0

2-JMS099.30 11/25/1986 |M 9 8 111 0

2-JMS099.30 11/25/1986 |B 11 8 7.93 11.2 0

2-JMS099.30 12/22/1986|S 1 7.5 8.18 121 121 0 1.3
2-JMS099.30 12/22/1986 |M 3 4.5 121 0

2-JMS099.30 12/22/1986 |M 5 4.5 121 0

2-JMS099.30 12/22/1986 |M 7 4.5 121 0

2-JMS099.30 12/22/1986 |M 9 4.5 121 0

2-JMS099.30 12/22/1986 |B 11 4.5 8.1 121 12.5 0

2-JMS099.30 1/5/1987|S 1 4 7.15 12.7 13 0 0.5
2-JMS099.30 1/5/1987 M 3 4 12.6 0

2-JMS099.30 1/5/1987 M 5 4 12.6 0

2-JMS099.30 1/5/1987 M 7 4 12.6 0

2-JMS099.30 1/5/1987 M 9 4 12.6 0

2-JMS099.30 1/5/1987|B 11 4 712 12.6 12.8 0

2-JMS099.30 3/4/1987|S 1 7.2 7.81 12.4 12.2 0 0.4
2-JMS099.30 3/4/1987 |M 3 7.2 12.3 0

2-JMS099.30 3/4/1987 |M 5 7.2 12.4 0

2-JMS099.30 3/4/1987 |M 7 7.2 12.4 0

2-JMS099.30 3/4/1987 |M 9 7.2 12.4 0

2-JMS099.30 3/4/1987 |M 11 7.2 12.4 0

2-JMS099.30 3/4/1987|B 13 7.2 7.7 12.4 0

2-JMS099.30 3/18/1987|S 1 9.1 7.87 121 0 1.7
2-JMS099.30 3/18/1987 |M 3 8.9 12.1 0

2-JMS099.30 3/18/1987 |M 5 8.9 12.1 0

2-JMS099.30 3/18/1987 |M 7 8.9 12.1 0

2-JMS099.30 3/18/1987 |M 9 8.8 12.2 0

2-JMS099.30 3/18/1987|B 11 8.9 7.78 12.2 11.9 0

2-JMS099.30 4/8/1987|S 1 9.5 7.57 12.5 11.7 0 1.3
2-JMS099.30 4/8/1987 M 3 9.4 12.5 0

2-JMS099.30 4/8/1987 M 5 9.4 12.4 0

2-JMS099.30 4/8/1987 M 7 9.4 12.4 0

2-JMS099.30 4/8/1987 M 9 9.4 12.4 0

2-JMS099.30 4/8/1987|B 11 9.4 7.71 12.4 11.1 0

2-JMS099.30 4/14/1987|S 1 12 6.84 7.6 8.9 0 1
2-JMS099.30 4/14/1987 |M 3 12 7.6 0

2-JMS099.30 4/14/1987 |M 5 12 7.6 0

2-JMS099.30 4/14/1987 |M 7 12 7.5 0




Station ID Collection Date |Depth Desc |Depth |Temp Celcius |Field Ph |Do Probe Do Winkler |Fdt Do Optical |Salinity |Secchi Depth

2-JMS099.30 4/14/1987 |M 9 12 7.5 0

2-JMS099.30 4/14/1987 B 11 12 7.02 7.5 8.2 0

2-JMS099.30 5/6/1987 |S 1 16.5 7.78 9.8 9.1 0 0.8
2-JMS099.30 5/6/1987 |M 3 16.5 9.8 0

2-JMS099.30 5/6/1987 |M 5 16.5 9.7 0

2-JMS099.30 5/6/1987 |M 7 16.5 9.6 0

2-JMS099.30 5/6/1987 |M 9 16.5 9.6 0

2-JMS099.30 5/6/1987 |M 11 16.5 9.6 0

2-JMS099.30 5/6/1987 |B 12 16.5 7.61 9.6 9.5 0

2-JMS099.30 5/18/1987|S 1 23.38 9.22 10 8.7 0 1.1
2-JMS099.30 5/18/1987 |M 3 229 9.4 0

2-JMS099.30 5/18/1987 |M 5 22.6 9.1 0

2-JMS099.30 5/18/1987 |M 7 224 9.1 0

2-JMS099.30 5/18/1987 |M 9 22.3 9 0

2-JMS099.30 5/18/1987|B 10 22 8.81 9 9.2 0

2-JMS099.30 6/1/1987|S 1 28.4 7.63 7.4 0

2-JMS099.30 6/1/1987 |M 3 28 7.08 0

2-JMS099.30 6/1/1987 |M 5 28 71 0

2-JMS099.30 6/1/1987 |M 7 28 7.13 0

2-JMS099.30 6/1/1987 |M 9 28 7.16 0

2-JMS099.30 6/1/1987 |B 11 28 7.35 7.14 6.9 0

2-JMS099.30 6/15/1987|S 1 271 7.96 6.6 5.7 0 0.8
2-JMS099.30 6/15/1987 |M 3 26.8 6.3 0

2-JMS099.30 6/15/1987 |M 5 26.7 6.1 0

2-JMS099.30 6/15/1987 |M 7 26.6 5.9 0

2-JMS099.30 6/15/1987 |M 9 26.6 5.8 0

2-JMS099.30 6/15/1987|B 11 26.6 7.96 6.1 5.5 0

2-JMS099.30 6/29/1987|S 1 28 7.38 5.7 6.1 0 1
2-JMS099.30 6/29/1987 |M 3 275 5.3 0

2-JMS099.30 6/29/1987 |M 5 275 5.3 0

2-JMS099.30 6/29/1987 |M 7 275 5.3 0

2-JMS099.30 6/29/1987 |M 9 275 5.3 0

2-JMS099.30 6/29/1987|B 11 275 7.4 5.3 4.9 0

2-JMS099.30 7/13/1987|S 1 32 8.24 5.8 5.7 0 1.2
2-JMS099.30 7/13/1987|M 3 31.5 5.4 0

2-JMS099.30 7/13/1987 |M 5 31 5.3 0

2-JMS099.30 7/13/1987 |M 7 31 5.3 0

2-JMS099.30 7/13/1987 |M 9 31 5.3 0

2-JMS099.30 7/13/1987|B 11 31 8.2 5.2 5.2 0

2-JMS099.30 8/11/1987|S 1 30.8 7.47 6.2 0 1
2-JMS099.30 8/11/1987|M 3 29.9 5.87 0

2-JMS099.30 8/11/1987|M 5 29.8 5.76 0

2-JMS099.30 8/11/1987|M 7 29.8 5.75 0

2-JMS099.30 8/11/1987|B 9 29.8 8.28 5.66 5.3 0

2-JMS099.30 8/25/1987|S 1 27.7 7.78 4 3.9 0 0.9
2-JMS099.30 8/25/1987 |M 3 27.7 3.8 0

2-JMS099.30 8/25/1987 |M 5 27.7 3.9 0

2-JMS099.30 8/25/1987 |M 7 27.7 3.9 0

2-JMS099.30 8/25/1987 |M 9 27.6 3.9 0

2-JMS099.30 8/25/1987|B 11 27.6 8.28 3.8 4 0

2-JMS099.30 10/8/1987|S 1 17.3 7.38 8.4 8.9 0 0.8
2-JMS099.30 10/8/1987 |M 3 17.3 8.4 0

2-JMS099.30 10/8/1987 |M 5 17.2 8.4 0

2-JMS099.30 10/8/1987 |M 7 17.2 8.4 0

2-JMS099.30 10/8/1987|B 9 17.2 7.38 8.4 8.6 0

2-JMS099.30 10/27/1987|S 1 14.4 9.8 0 1.1
2-JMS099.30 10/27/1987 |M 3 14.4 9.5 0

2-JMS099.30 10/27/1987 |M 5 14.4 9.4 0

2-JMS099.30 10/27/1987 |M 7 14.4 9.4 0

2-JMS099.30 10/27/1987 |M 9 14.4 9.5 0

2-JMS099.30 10/27/1987|B 10 14.4 9.5 0

2-JMS099.30 11/9/1987|S 1 14 7.7 8.8 8.7 0 1
2-JMS099.30 11/9/1987 |M 3 14 8.7 0

2-JMS099.30 11/9/1987 |M 5 14 8.8 0

2-JMS099.30 11/9/1987 |M 7 14 8.7 0

2-JMS099.30 11/9/1987 |M 9 14 8.7 0

2-JMS099.30 11/9/1987|B 10 14 7.87 8.7 8.8 0

2-JMS099.30 3/7/1988|S 1

2-JMS099.30 5/16/1988|S 11

2-JMS099.30 6/29/1988|S 1 255 7.83 5.01 0 0.6
2-JMS099.30 6/29/1988 M 3 25.5 5.02 0

2-JMS099.30 6/29/1988 M 5 255 4.78 0

2-JMS099.30 6/29/1988 M 7 25.3 5 0

2-JMS099.30 6/29/1988|B 8 25.4 7.83 5.03 0

2-JMS099.30 7/18/1988|S 1 30 7.47 6.9 0




Station ID Collection Date |Depth Desc |Depth |Temp Celcius |Field Ph |Do Probe Do Winkler |Fdt Do Optical |Salinity |Secchi Depth

2-JMS099.30 7/18/1988 ' M 3 30 4.8 0

2-JMS099.30 7/18/1988 M 5 30 4.5 0

2-JMS099.30 7/18/1988 ' M 7 30 4.3 0

2-JMS099.30 7/18/1988 M 9 30 4.4 0

2-JMS099.30 7/18/1988|B 11 30 7.54 4.3 0

2-JMS099.30 8/1/1988|S 1 28.4 7.38 6.47 0 0.7
2-JMS099.30 8/1/1988 M 3 28.3 6.45 0

2-JMS099.30 8/1/1988 M 5 28.2 6.2 0

2-JMS099.30 8/1/1988 M 7 28.1 6.1 0

2-JMS099.30 8/1/1988 |B 9 28 7.33 5.97 0

2-JMS099.30 8/15/1988|S 1 29.2 7.84 7.28 0 0.6
2-JMS099.30 8/15/1988 M 3 28.5 5.2 0

2-JMS099.30 8/15/1988 M 5 28.5 4.84 0

2-JMS099.30 8/15/1988|M 7 28.4 4.78 0

2-JMS099.30 8/15/1988 M 9 28.4 3.54 0

2-JMS099.30 8/15/1988|B 10 28.4 7.66 3.37 0

2-JMS099.30 9/12/1988|S 1 23.8 7.66 7.6 0 0.4
2-JMS099.30 9/12/1988|M 3 23.6 7.3 0

2-JMS099.30 9/12/1988|M 5 23.6 7.3 0

2-JMS099.30 9/12/1988|M 7 23.6 7.3 0

2-JMS099.30 9/12/1988|M 9 23.5 7.2 0

2-JMS099.30 9/12/1988|B 11 235 7.5 7.2 0

2-JMS099.30 9/27/1988|S 1 23.7 7.38 6.1 0 1
2-JMS099.30 9/27/1988|M 3 23.6 5.9 0

2-JMS099.30 9/27/1988|M 5 23.6 5.9 0

2-JMS099.30 9/27/1988|M 7 23.6 5.9 0

2-JMS099.30 9/27/1988|M 9 23.6 5.8 0

2-JMS099.30 9/27/1988 B 11 23.6 7.31 5.8 0

2-JMS099.30 10/11/1988|S 1 17.4 7.57 7.91 0 0.9
2-JMS099.30 10/11/1988 |M 3 17.3 7.9 0

2-JMS099.30 10/11/1988 |M 5 17.3 7.92 0

2-JMS099.30 10/11/1988 |M 7 17.3 7.89 0

2-JMS099.30 10/11/1988 |B 9 17.3 7.89

2-JMS099.30 10/26/1988 |S 1 14 7.58 8.33 0 0.6
2-JMS099.30 10/26/1988 |M 3 14 8.28 0

2-JMS099.30 10/26/1988 |M 5 13.9 8.31 0

2-JMS099.30 10/26/1988 |M 7 13.9 8.31 0

2-JMS099.30 10/26/1988 |M 9 13.9 8.76 0

2-JMS099.30 10/26/1988 |B 11 13.9 7.44 8.4 0

2-JMS099.30 11/14/1988|S 1 12 7.52 9.92 0 0.7
2-JMS099.30 11/14/1988 |M 3 11.9 9.94 0

2-JMS099.30 11/14/1988 |M 5 11.8 9.91 0

2-JMS099.30 11/14/1988 |M 7 11.8 9.9 0

2-JMS099.30 11/14/1988 |M 9 11.8 9.9 0

2-JMS099.30 11/14/1988 |B 11 11.8 7.49 9.91 0

2-JMS099.30 12/20/1988|S 1 3.13 8.02 13.52 0 0.7
2-JMS099.30 12/20/1988 |M 3 3.05 13.72 0

2-JMS099.30 12/20/1988 |M 5 3.05 13.66 0

2-JMS099.30 12/20/1988 |M 7 2.98 13.69 0

2-JMS099.30 12/20/1988 |M 9 2.97 13.65 0

2-JMS099.30 12/20/1988 |B 11 2.94 7.64 13.68 0

2-JMS099.30 1/11/1989|S 1 6.12 7.45 12 0 1.3
2-JMS099.30 1/11/1989 |M 3 6.1 12 0

2-JMS099.30 1/11/1989 M 5 6.09 11.95 0

2-JMS099.30 1/11/1989 M 7 6.07 11.96 0

2-JMS099.30 1/11/1989 |M 9 6.03 11.99 0

2-JMS099.30 1/11/1989|B 11 6.02 7.45 12.01 0

2-JMS099.30 2/8/1989|S 1 6.87 7.59 11.84 0 1.4
2-JMS099.30 2/8/1989|M 3 6.85 11.86 0

2-JMS099.30 2/8/1989|M 5 6.84 11.86 0

2-JMS099.30 2/8/1989|M 7 6.84 11.81 0

2-JMS099.30 2/8/1989|M 9 6.84 11.81 0

2-JMS099.30 2/8/1989|B 11 6.85 7.59 11.8 0

2-JMS099.30 3/15/1989|S 1 8.26 7.22 11.63 0 0.7
2-JMS099.30 3/15/1989|M 3 8.14 11.63 0

2-JMS099.30 3/15/1989|M 5 8.09 11.64 0

2-JMS099.30 3/15/1989|M 7 8.05 11.67 0

2-JMS099.30 3/15/1989|M 9 8.04 11.63 0

2-JMS099.30 3/15/1989|M 11 8.08 11.54 0

2-JMS099.30 3/15/1989|B 12 8.04 7.28 11.68 0

2-JMS099.30 3/28/1989|S 1 13.03 7.37 10.4 0 0.6
2-JMS099.30 3/28/1989|M 3 12.94 10.4 0

2-JMS099.30 3/28/1989|M 5 12.95 10.41 0

2-JMS099.30 3/28/1989|M 7 12.88 10.41 0

2-JMS099.30 3/28/1989|B 9 12.81 7.37 10.4 0




Station ID Collection Date |Depth Desc |Depth |Temp Celcius |Field Ph |Do Probe Do Winkler |Fdt Do Optical |Salinity |Secchi Depth
2-JMS099.30 4/13/1989|S 1 12.12 7.13 10.52 0 1
2-JMS099.30 4/13/1989 |M 3 11.99 10.52 0
2-JMS099.30 4/13/1989 |M 5 11.97 10.49 0
2-JMS099.30 4/13/1989 |M 7 11.89 10.49 0
2-JMS099.30 4/13/1989 |M 9 11.78 10.49 0
2-JMS099.30 4/13/1989 B 10 11.68 7.21 10.49 0
2-JMS099.30 2/13/1990|S 1 9.25 7.4 11.23 0 0.3
2-JMS099.30 2/13/1990|M 3 9.24 11.18 0
2-JMS099.30 2/13/1990 M 5 9.22 11.19 0
2-JMS099.30 2/13/1990|M 7 9.24 11.19 0
2-JMS099.30 2/13/1990|M 9 9.27 11.17 0
2-JMS099.30 2/13/1990|B 10 9.31 7.43 11.02 0
2-JMS099.30 3/13/1990|S 1 15.18 7.95 10.21 0 1.4
2-JMS099.30 3/13/1990 M 3 14.83 10.16 0
2-JMS099.30 3/13/1990 M 5 14.86 10.15 0
2-JMS099.30 3/13/1990|M 7 14.88 10.17 0
2-JMS099.30 3/13/1990|M 9 14.94 10.15 0
2-JMS099.30 3/13/1990|B 11 14.9 7.72 10.1 0
2-JMS099.30 3/28/1990|S 1 11.73 7.44 10.6 0 0.8
2-JMS099.30 3/28/1990 M 3 11.66 10.6 0
2-JMS099.30 3/28/1990|M 5 11.74 10.65 0
2-JMS099.30 3/28/1990|M 7 11.63 10.61 0
2-JMS099.30 3/28/1990|M 9 11.63 10.63 0
2-JMS099.30 3/28/1990|B 11 11.58 7.43 10.65 0
2-JMS099.30 4/10/1990|S 1 12.11 7.15 10.58 0 0.6
2-JMS099.30 4/10/1990 M 3 12.09 10.57 0
2-JMS099.30 4/10/1990 M 5 12.09 10.53 0
2-JMS099.30 4/10/1990 M 7 12.06 10.55 0
2-JMS099.30 4/10/1990 M 9 12.09 10.54 0
2-JMS099.30 4/10/1990 |B 10 12.08 7.16 10.45 0
2-JMS099.30 4/25/1990|S 1 20.07 7.5 8.62 0 1
2-JMS099.30 4/25/1990 M 3 20.01 8.66 0
2-JMS099.30 4/25/1990 M 5 19.99 8.71 0
2-JMS099.30 4/25/1990 M 7 19.99 8.71 0
2-JMS099.30 4/25/1990 M 9 20 8.7 0
2-JMS099.30 4/25/1990 |B 11 20 7.49 8.71 0
2-JMS099.30 5/9/1990|S 1 21.95 7.6 8.12 0 0.9
2-JMS099.30 5/9/1990 M 3 21.85 8.11 0
2-JMS099.30 5/9/1990 M 5 21.83 8.12 0
2-JMS099.30 5/9/1990 M 7 21.78 8.13 0
2-JMS099.30 5/9/1990 M 9 21.74 8.16 0
2-JMS099.30 5/9/1990 B 11 21.63 7.5 8.19 0
2-JMS099.30 5/31/1990|S 1 17.94 7.7 9.13 0 0.3
2-JMS099.30 5/31/1990|M 3 17.94 9.13 0
2-JMS099.30 5/31/1990|M 5 17.95 9.16 0
2-JMS099.30 5/31/1990|M 7 17.96 9.15 0
2-JMS099.30 5/31/1990|M 9 17.92 9.16 0
2-JMS099.30 5/31/1990|M 11 17.94 9.13 0
2-JMS099.30 5/31/1990|B 12 17.94 7.3 9.15 0
2-JMS099.30 6/14/1990|S 1 24.69 7.37 8.21 0 1
2-JMS099.30 6/14/1990 | M 3 24.33 7.97 0
2-JMS099.30 6/14/1990 | M 5 24.24 7.88 0
2-JMS099.30 6/14/1990|M 7 24.22 7.91 0
2-JMS099.30 6/14/1990 | M 9 24.24 7.9 0
2-JMS099.30 6/14/1990|B 11 24.25 7.39 7.87 0
2-JMS099.30 6/27/1990|S 1 28 7.25 6.9 0
2-JMS099.30 6/27/1990 M 3 27.74 6.7 0
2-JMS099.30 6/27/1990 M 5 27.73 6.67 0
2-JMS099.30 6/27/1990 M 7 27.68 6.66 0
2-JMS099.30 6/27/1990 M 9 27.66 6.64 0
2-JMS099.30 6/27/1990|B 11 27.66 7.3 6.61 0
2-JMS099.30 7/10/1990|S 1 29.95 7.27 7.39 0 0.7
2-JMS099.30 7/10/1990|M 3 29.65 6.75 0
2-JMS099.30 7/10/1990|M 5 29.22 6.39 0
2-JMS099.30 7/10/1990 M 7 29.2 6.38 0
2-JMS099.30 7/10/1990|M 9 29.12 6.41 0
2-JMS099.30 7/10/1990|B 11 29.12 7.38 6.36 0
2-JMS099.30 7/24/1990|S 1 30.21 7.32 7.5 0 1.2
2-JMS099.30 7/24/1990|M 3 30.06 7.25 0
2-JMS099.30 7/24/1990|M 5 30.07 7.33 0
2-JMS099.30 7/24/1990 M 7 30.05 7.27 0
2-JMS099.30 7/24/1990 M 9 30.03 7.02 0
2-JMS099.30 7/24/1990|B 10 29.91 7.22 6.96 0
2-JMS099.30 8/7/1990|S 1 27.8 6.81 6.42 0 0.8
2-JMS099.30 8/7/1990 M 3 27.69 6.09 0




Station ID Collection Date |Depth Desc |Depth |Temp Celcius |Field Ph |Do Probe Do Winkler |Fdt Do Optical |Salinity |Secchi Depth
2-JMS099.30 8/7/1990 M 5 27.54 6 0
2-JMS099.30 8/7/1990 M 7 27.46 6.08 0
2-JMS099.30 8/7/1990 M 9 274 6.14 0
2-JMS099.30 8/7/1990 B 11 27.42 6.95 6.46 0
2-JMS099.30 8/23/1990|S 1 27.47 6.97 5.79 0 1.1
2-JMS099.30 8/23/1990 M 3 27.23 5.8 0
2-JMS099.30 8/23/1990 M 5 27.01 5.72 0
2-JMS099.30 8/23/1990 | M 7 26.79 5.8 0
2-JMS099.30 8/23/1990 M 9 26.75 5.92 0
2-JMS099.30 8/23/1990|M 11 26.71 6.07 0
2-JMS099.30 8/23/1990|B 12 26.73 7.03 6.26 0
2-JMS099.30 9/6/1990|S 1 27.96 7.12 7.08 0 1.4
2-JMS099.30 9/6/1990 M 3 27.86 6.79 0
2-JMS099.30 9/6/1990 M 5 27.79 6.73 0
2-JMS099.30 9/6/1990 M 7 27.82 6.78 0
2-JMS099.30 9/6/1990 M 9 27.8 6.73 0
2-JMS099.30 9/6/1990 B 11 27.78 7.16 6.72 0
2-JMS099.30 9/24/1990|S 1 22.25 7.4 8.86 0 1.3
2-JMS099.30 9/24/1990|M 3 21.9 7.92 0
2-JMS099.30 9/24/1990|M 5 21.77 7.73 0
2-JMS099.30 9/24/1990|M 7 21.76 7.71 0
2-JMS099.30 9/24/1990|M 9 21.76 7.66 0
2-JMS099.30 9/24/1990|B 11 21.74 7.65 0
2-JMS099.30 10/9/1990|S 1 23.06 7.08 7.79 0 1.3
2-JMS099.30 10/9/1990 M 3 22.8 7.35 0
2-JMS099.30 10/9/1990 M 5 22.45 7.14 0
2-JMS099.30 10/9/1990 M 7 22.45 7.09 0
2-JMS099.30 10/9/1990 M 9 22.46 7.11 0
2-JMS099.30 10/9/1990 B 11 22.48 7.24 7.08 0
2-JMS099.30 10/25/1990|S 1 15.94 7.27 9.2 0 0.1
2-JMS099.30 10/25/1990 |M 3 15.94 9.21 0
2-JMS099.30 10/25/1990 |M 5 15.94 9.23 0
2-JMS099.30 10/25/1990 |M 7 15.94 9.19 0
2-JMS099.30 10/25/1990 |M 9 15.95 9.15 0
2-JMS099.30 10/25/1990 B 11 15.95 7.29 9.11 0
2-JMS099.30 11/7/1990|S 1 14.88 71 9.42 0 1.1
2-JMS099.30 11/7/1990 M 3 14.86 9.43 0
2-JMS099.30 11/7/1990 M 5 14.77 9.41 0
2-JMS099.30 11/7/1990 M 7 14.77 9.42 0
2-JMS099.30 11/7/1990 M 9 14.8 9.4 0
2-JMS099.30 11/7/1990|B 11 14.8 71 9.45 0
2-JMS099.30 12/12/1990|S 1 6.57 7.04 12.85 0 2
2-JMS099.30 12/12/1990 M 3 6.57 12.86 0
2-JMS099.30 12/12/1990 M 5 6.56 12.85 0
2-JMS099.30 12/12/1990|M 7 6.56 131 0
2-JMS099.30 12/12/1990 M 9 6.53 13.06 0
2-JMS099.30 12/12/1990|B 10 6.56 7 131 0
2-JMS099.30 1/14/1991|S 1 6.35 7.14 11.81 0 0.2
2-JMS099.30 1/14/1991|M 3 6.35 12.17 0
2-JMS099.30 1/14/1991|B 10 6.36 7.2 12.12 0
2-JMS099.30 2/25/1991|S 1 7.36 7.25 12.21 0 1.1
2-JMS099.30 2/25/1991|M 3 7.32 12.29 0
2-JMS099.30 2/25/1991|M 5 7.33 12.3 0
2-JMS099.30 2/25/1991|M 7 7.34 12.36 0
2-JMS099.30 2/25/1991|M 9 7.33 12.47 0
2-JMS099.30 2/25/1991|B 11 7.36 7.24 12.57 0
2-JMS099.30 3/6/1991|S 1 10.05 7.11 11.09 0 0.1
2-JMS099.30 3/6/1991|M 3 10.06 11.09 0
2-JMS099.30 3/6/1991|M 5 10.06 11.08 0
2-JMS099.30 3/6/1991|M 7 10.07 11.17 0
2-JMS099.30 3/6/1991|M 9 10.08 11.25 0
2-JMS099.30 3/6/1991|B 11 10.08 7.1 11.43 0
2-JMS099.30 3/20/1991|S 1 10.19 6.94 10.88 0 0.5
2-JMS099.30 3/20/1991|M 3 10.19 10.89 0
2-JMS099.30 3/20/1991|M 5 10.15 10.91 0
2-JMS099.30 3/20/1991|M 7 10.16 10.89 0
2-JMS099.30 3/20/1991|M 9 10.17 10.89 0
2-JMS099.30 3/20/1991|B 10 10.18 6.95 10.88 0
2-JMS099.30 4/3/1991|S 1 11.47 6.86 11.17 0 0.4
2-JMS099.30 4/3/1991|M 3 11.46 11.18 0
2-JMS099.30 4/3/1991|M 5 11.46 11.24 0
2-JMS099.30 4/3/1991|M 7 11.48 11.27 0
2-JMS099.30 4/3/1991|M 9 11.48 11.33 0
2-JMS099.30 4/3/1991|B 10 11.48 6.84 11.38 0
2-JMS099.30 4/23/1991|S 1 14.06 6.99 10.13 0 1.3




Station ID Collection Date |Depth Desc |Depth |Temp Celcius |Field Ph |Do Probe Do Winkler |Fdt Do Optical |Salinity |Secchi Depth
2-JMS099.30 4/23/1991 |M 3 14 10.19 0
2-JMS099.30 4/23/1991|M 5 13.9 10.2 0
2-JMS099.30 4/23/1991|M 7 13.9 10.25 0
2-JMS099.30 4/23/1991 |M 9 13.91 10.36 0
2-JMS099.30 4/23/1991|B 10 13.91 6.98 10.38 0
2-JMS099.30 5/2/1991|S 1 21.79 7.29 8.38 0 1.5
2-JMS099.30 5/2/1991|M 3 21.79 8.36 0
2-JMS099.30 5/2/1991|M 5 21.78 8.39 0
2-JMS099.30 5/2/1991|M 7 21.78 8.42 0
2-JMS099.30 5/2/1991|M 9 21.79 8.44 0
2-JMS099.30 5/2/1991|B 11 21.82 7.14 8.51 0
2-JMS099.30 5/16/1991|S 1 25.7 7.21 6.97 0
2-JMS099.30 5/16/1991|M 3 25.52 7 0
2-JMS099.30 5/16/1991|M 5 25.41 7.06 0
2-JMS099.30 5/16/1991|M 7 25.41 7.01 0
2-JMS099.30 5/16/1991|M 9 25.33 7.01 0
2-JMS099.30 5/16/1991|B 11 25.3 7.27 7.02 0
2-JMS099.30 6/13/1991|S 1 26.83 7.29 7.31 0 1
2-JMS099.30 6/13/1991|M 3 26.81 717 0
2-JMS099.30 6/13/1991|M 5 26.8 7.14 0
2-JMS099.30 6/13/1991|M 7 26.8 7.13 0
2-JMS099.30 6/13/1991|B 8 26.78 7.27 71 0
2-JMS099.30 6/27/1991|S 1 25.94 7.06 7.13 0 1
2-JMS099.30 6/27/1991|M 3 25.22 7.02 0
2-JMS099.30 6/27/1991|M 5 25.13 7.04 0
2-JMS099.30 6/27/1991|M 7 25.06 7.07 0
2-JMS099.30 6/27/1991|B 9 24.94 7.13 7.07 0
2-JMS099.30 7/16/1991|S 1 28.78 7.14 6.3 0 0.7
2-JMS099.30 7/16/1991|M 3 28.57 6.35 0
2-JMS099.30 7/16/1991|M 5 28.52 6.31 0
2-JMS099.30 7/16/1991|M 7 28.66 6.34 0
2-JMS099.30 7/16/1991|M 9 28.32 6.21 0
2-JMS099.30 7/16/1991|B 10 28.33 7.25 6.24 0
2-JMS099.30 7/30/1991|S 1 24.61 6.73 7.11 0 0.4
2-JMS099.30 7/30/1991|M 3 24.57 7.11 0
2-JMS099.30 7/30/1991|M 5 24.56 7.13 0
2-JMS099.30 7/30/1991|M 7 24.56 7.7 0
2-JMS099.30 7/30/1991|M 9 24.56 7.23 0
2-JMS099.30 7/30/1991|B 10 24.56 6.79 7.38 0
2-JMS099.30 8/13/1991|S 1 26.32 6.74 7.59 0 0.6
2-JMS099.30 8/13/1991|M 3 26.05 7.61 0
2-JMS099.30 8/13/1991|M 5 26.02 7.66 0
2-JMS099.30 8/13/1991|M 7 26.04 7.68 0
2-JMS099.30 8/13/1991|M 9 26.05 7.72 0
2-JMS099.30 8/13/1991|B 10 26.07 6.82 7.78 0
2-JMS099.30 8/27/1991|S 1 28.16 7.07 6.38 0 1.6
2-JMS099.30 8/27/1991|M 3 27.89 6.21 0
2-JMS099.30 8/27/1991|M 5 27.69 6.19 0
2-JMS099.30 8/27/1991|M 7 27.73 6.22 0
2-JMS099.30 8/27/1991|M 9 27.68 6.23 0
2-JMS099.30 8/27/1991|B 11 27.57 6.94 6.46 0
2-JMS099.30 9/12/1991|S 1 27.4 7.4 8.64 0 1
2-JMS099.30 9/12/1991|M 3 27.2 8.21 0
2-JMS099.30 9/12/1991|M 5 27.22 8.26 0
2-JMS099.30 9/12/1991|M 7 2712 8.1 0
2-JMS099.30 9/12/1991|M 9 27.13 8.23 0
2-JMS099.30 9/12/1991|B 10 27.14 8.12 0
2-JMS099.30 10/1/1991|S 1 22.11 7.13 7.73 0 1
2-JMS099.30 10/1/1991|M 3 21.86 7.38 0
2-JMS099.30 10/1/1991|M 5 21.72 7.35 0
2-JMS099.30 10/1/1991|M 7 21.67 7.3 0
2-JMS099.30 10/1/1991|B 9 21.69 7.21 7.3 0
2-JMS099.30 10/10/1991|S 1 21 7.22 7.34 0 1.1
2-JMS099.30 10/10/1991|M 3 20.92 7.37 0
2-JMS099.30 10/10/1991 |M 5 20.8 7.73 0
2-JMS099.30 10/10/1991|M 7 20.72 7.96 0
2-JMS099.30 10/10/1991|M 9 20.69 7.86 0
2-JMS099.30 10/10/1991|B 11 20.7 7.21 8.13 0
2-JMS099.30 10/28/1991|S 1 10 6.94 8 0 1.4
2-JMS099.30 10/28/1991 |M 3 18.2 8.05 0
2-JMS099.30 10/28/1991|M 5 18.19 8.09 0
2-JMS099.30 10/28/1991 |M 7 18.19 8.14 0
2-JMS099.30 10/28/1991 |M 9 18.2 8.22 0
2-JMS099.30 10/28/1991|B 11 18.17 7.02 8.29 0
2-JMS099.30 11/18/1991|S 1 9.9 7.34 10.52 0 1.4




Station ID Collection Date |Depth Desc Temp Celcius |Field Ph |Do Probe |Do Winkler |[Fdt Do Optical |Salinity |Secchi Depth
2-JMS099.30 11/18/1991 |M 3 9.72 10.78 0

2-JMS099.30 11/18/1991 |M 5 9.67 10.88 0

2-JMS099.30 11/18/1991 |M 7 9.64 10.95 0

2-JMS099.30 11/18/1991 |M 9 9.64 11.11 0

2-JMS099.30 11/18/1991|B 10 9.64 7.55 11.45 0

2-JMS099.30 12/11/1991|S 1 9.91 7.12 10.41 0 0.7
2-JMS099.30 12/11/1991|M 3 9.86 10.4 0

2-JMS099.30 12/11/1991 |M 5 9.81 10.38 0

2-JMS099.30 12/11/1991|M 7 9.81 10.81 0

2-JMS099.30 12/11/1991|M 9 9.81 10.77 0

2-JMS099.30 12/11/1991|B 11 9.81 7.26 10.77 0

2-JMS099.30 1/9/1992|S 1 7 7.05 13.29 0 0.4
2-JMS099.30 1/9/1992|M 3 7 13.19 0

2-JMS099.30 1/9/1992|M 5 7 13.3 0

2-JMS099.30 1/9/1992|M 7 7 13.51 0

2-JMS099.30 1/9/1992|M 9 6.98 13.52 0

2-JMS099.30 1/9/1992|B 11 7 7.11 13.41 0

2-JMS099.30 2/10/1992|S 1 5.27 7.25 12.43 0 1.9
2-JMS099.30 2/10/1992|M 3 5.26 12.43 0

2-JMS099.30 2/10/1992|M 5 5.26 12.44 0

2-JMS099.30 2/10/1992|M 7 5.26 12.44 0

2-JMS099.30 2/10/1992|M 9 5.26 12.37 0

2-JMS099.30 2/10/1992|B 11 5.26 7.05 12.37 0

2-JMS099.30 3/24/1992|S 1 8.74 717 11.4 0 1.1
2-JMS099.30 3/24/1992|M 3 8.72 12.25 0

2-JMS099.30 3/24/1992|M 5 8.68 12.25 0

2-JMS099.30 3/24/1992|M 7 8.68 12.19 0

2-JMS099.30 3/24/1992|M 9 8.68 12.19 0

2-JMS099.30 3/24/1992|B 10 8.68 7.14 12.14 0

2-JMS099.30 4/711992|S 1 10.76 7 11.16 0 1.5
2-JMS099.30 4/7/1992|M 3 10.72 11.13 0

2-JMS099.30 4/7/1992|M 5 10.74 11.25 0

2-JMS099.30 4/7/1992|M 7 10.74 11.36 0

2-JMS099.30 4/7/1992|M 9 10.76 11.84 0

2-JMS099.30 4/7/1992|B 11 10.81 6.85 11.8 0

2-JMS099.30 4/21/1992|S 1 19.78 7.48 8 0 1.3
2-JMS099.30 4/21/1992|M 3 19.77 7.98 0

2-JMS099.30 4/21/1992|M 5 19.77 7.91 0

2-JMS099.30 4/21/1992|M 7 19.74 7.95 0

2-JMS099.30 4/21/1992|M 9 19.73 7.88 0

2-JMS099.30 4/21/1992|B 11 19.75 7.43 7.95 0

2-JMS099.30 5/6/1992|S 1 18.03 7.39 8.71 0 1.5
2-JMS099.30 5/6/1992|M 3 18.01 8.72 0

2-JMS099.30 5/6/1992|M 5 17.99 8.72 0

2-JMS099.30 5/6/1992|M 7 17.98 8.72 0

2-JMS099.30 5/6/1992|M 9 17.97 8.73 0

2-JMS099.30 5/6/1992|M 11 17.96 8.73 0

2-JMS099.30 5/6/1992|B 12 17.95 7.22 8.74 0

2-JMS099.30 5/27/1992|S 1 19.39 7.33 8.39 0 1.6
2-JMS099.30 5/27/1992|M 3 19.3 8.35 0

2-JMS099.30 5/27/1992|M 5 19.27 8.37 0

2-JMS099.30 5/27/1992|M 7 19.26 8.37 0

2-JMS099.30 5/27/1992|M 9 19.26 8.37 0

2-JMS099.30 5/27/1992|M 19.27 8.36 0

2-JMS099.30 5/27/1992|B 19.29 7.19 8.39 0

2-JMS099.30 5/27/1992|S

2-JMS099.30 6/18/1992|S

2-JMS099.30 6/18/1992|S 24.34 7.73 8.16 0 1.2
2-JMS099.30 6/18/1992|M 3 24.05 8.06 0

2-JMS099.30 6/18/1992|M 5 23.94 8.04 0

2-JMS099.30 6/18/1992|M 7 23.86 8.01 0

2-JMS099.30 6/18/1992|M 9 23.83 7.99 0

2-JMS099.30 6/18/1992|B 11 23.77 7.54 7.98 0

2-JMS099.30 7/6/1992|S 1 27.95 7.66 7.28 0 1.3
2-JMS099.30 7/6/1992|M 3 27.91 7.29 0

2-JMS099.30 7/6/1992|M 5 27.87 7.31 0

2-JMS099.30 7/6/1992|M 7 27.85 7.3 0

2-JMS099.30 7/6/1992|M 9 27.85 7.32 0

2-JMS099.30 7/6/1992|B 11 27.84 7.5 7.34 0

2-JMS099.30 7/20/1992|S 1 30.58 7.2 6.37 0 1.2
2-JMS099.30 7/20/1992|M 3 30.4 6.15 0

2-JMS099.30 7/20/1992|M 5 30.25 5.89 0

2-JMS099.30 7/20/1992|M 7 30.21 6.22 0

2-JMS099.30 7/20/1992|B 9 30.22 7.1 6.25 0

2-JMS099.30 7/20/1992|S 0.3 30.5 7.2 6.3




Station ID Collection Date |Depth Desc |Depth |Temp Celcius |Field Ph |Do Probe Do Winkler |Fdt Do Optical |Salinity |Secchi Depth
2-JMS099.30 9/1/1992|S 1 26.74 7.45 7.84 0 1.2
2-JMS099.30 9/1/1992|M 3 26.58 7.57 0

2-JMS099.30 9/1/1992|M 5 26.39 7.09 0

2-JMS099.30 9/1/1992|M 7 26.39 7.13 0

2-JMS099.30 9/1/1992|M 9 26.39 7.13 0

2-JMS099.30 9/1/1992|B 10 26.39 7.28 717 0

2-JMS099.30 9/1/1992|S 0.3

2-JMS099.30 10/8/1992|S 0.3

2-JMS099.30 10/8/1992|M 1 18.21 7.29 8.39 0 1.4
2-JMS099.30 10/8/1992|M 3 17.94 8.43 0

2-JMS099.30 10/8/1992|M 5 17.84 8.49 0

2-JMS099.30 10/8/1992|M 7 17.69 8.5 0

2-JMS099.30 10/8/1992|M 9 17.69 8.66 0

2-JMS099.30 10/8/1992|M 11 17.65 8.73 0

2-JMS099.30 10/8/1992|B 12 17.66 7.29 8.87 0

2-JMS099.30 11/2/1992|S 1 14.91 7.15 9.22 0 1.6
2-JMS099.30 11/2/1992|M 3 14.9 9.22 0

2-JMS099.30 11/2/1992|M 5 14.9 9.22 0

2-JMS099.30 11/2/1992|M 7 14.9 9.27 0

2-JMS099.30 11/2/1992|M 9 14.9 9.27 0

2-JMS099.30 11/2/1992|B 11 14.91 7.08 9.35 0

2-JMS099.30 11/17/1992|S 1 9.43 7.48 11.35 0 0.5
2-JMS099.30 11/17/1992|M 3 9.4 11.37 0

2-JMS099.30 11/17/1992|M 5 9.38 11.33 0

2-JMS099.30 11/17/1992|M 7 9.36 11.35 0

2-JMS099.30 11/17/1992|M 9 9.31 11.37 0

2-JMS099.30 11/17/1992|B 11 9.35 7.45 11.42 0

2-JMS099.30 11/17/1992|S 0.3

2-JMS099.30 12/15/1992|S 1 5.18 7.26 12.78 0 0.3
2-JMS099.30 12/15/1992|M 3 5.18 12.79 0

2-JMS099.30 12/15/1992|M 5 5.18 12.86 0

2-JMS099.30 12/15/1992|M 7 5.19 12.86 0

2-JMS099.30 12/15/1992|M 9 5.18 12.92 0

2-JMS099.30 12/15/1992|B 11 5.19 7.19 12.95 0

2-JMS099.30 12/15/1992|S 0.3

2-JMS099.30 1/14/1993|S 1 6.62 7.49 12.06 0 0.8
2-JMS099.30 1/14/1993 |M 3 6.62 12.12 0

2-JMS099.30 1/14/1993 M 5 6.62 12.12 0

2-JMS099.30 1/14/1993 M 7 6.62 12.12 0

2-JMS099.30 1/14/1993 M 9 6.62 12.19 0

2-JMS099.30 1/14/1993 |B 11 6.63 7.47 12.37 0

2-JMS099.30 1/14/1993|S 0.3

2-JMS099.30 2/9/1993|S 1 5.14 7.43 13.27 0 1.9
2-JMS099.30 2/9/1993|M 3 5.07 13.33 0

2-JMS099.30 2/9/1993|M 5 5.06 13.34 0

2-JMS099.30 2/9/1993|M 7 5.05 13.43 0

2-JMS099.30 2/9/1993|M 9 5.02 13.5 0

2-JMS099.30 2/9/1993|B 10 5.02 7.29 13.6 0

2-JMS099.30 2/9/1993|S 0.3

2-JMS099.30 3/10/1993|S 1 7.68 7.21 11.85 0 0.4
2-JMS099.30 3/10/1993|M 3 7.67 11.87 0

2-JMS099.30 3/10/1993|M 5 7.66 11.94 0

2-JMS099.30 3/10/1993|M 7 7.67 11.93 0

2-JMS099.30 3/10/1993|M 9 7.69 12.02 0

2-JMS099.30 3/10/1993|B 11 7.7 6.9 12.2 0

2-JMS099.30 4/8/1993|S 1 10.69 7.2 11.04 0 0.9
2-JMS099.30 4/8/1993|M 3 10.67 11.04 0

2-JMS099.30 4/8/1993|M 5 10.7 11.03 0

2-JMS099.30 4/8/1993|M 7 10.69 11.04 0

2-JMS099.30 4/8/1993|M 9 10.71 11.13 0

2-JMS099.30 4/8/1993|B 11 10.74 7.1 11.2 0

2-JMS099.30 4/28/1993|S 1 16.1 7.32 9.65 0 1.1
2-JMS099.30 4/28/1993 |M 3 16.05 9.63 0

2-JMS099.30 4/28/1993 |M 5 15.92 9.64 0

2-JMS099.30 4/28/1993 |M 7 15.94 9.68 0

2-JMS099.30 4/28/1993 |M 9 15.97 9.7 0

2-JMS099.30 4/28/1993|B 11 15.97 7.25 9.82 0

2-JMS099.30 5/6/1993|S 1 21.38 7.49 8.63 0 1.4
2-JMS099.30 5/6/1993|M 3 21.19 8.59 0

2-JMS099.30 5/6/1993|M 5 21.12 8.59 0

2-JMS099.30 5/6/1993|M 7 21.09 8.86 0

2-JMS099.30 5/6/1993|M 9 21.07 8.86 0

2-JMS099.30 5/6/1993|B 11 21.07 7.33 8.93 0

2-JMS099.30 6/2/1993|S 1 23.9 7.28 7.63 0 1
2-JMS099.30 6/2/1993 M 3 23.91 7.62 0




Station ID Collection Date |Depth Desc |Depth |Temp Celcius |Field Ph |Do Probe Do Winkler |Fdt Do Optical |Salinity |Secchi Depth
2-JMS099.30 6/2/1993 M 5 23.83 7.59 0

2-JMS099.30 6/2/1993 | M 7 23.73 7.59 0

2-JMS099.30 6/2/1993 | M 9 23.58 7.61 0

2-JMS099.30 6/2/1993 B 11 23.52 7.18 7.66 0

2-JMS099.30 6/2/1993|S 0.3

2-JMS099.30 6/7/1993|S 1 24.43 7.24 7.88 0 1.2
2-JMS099.30 6/7/1993 M 3 24.24 7.87 0

2-JMS099.30 6/7/1993 M 5 23.98 7.78 0

2-JMS099.30 6/7/1993 M 7 23.89 7.8 0

2-JMS099.30 6/7/1993 M 9 23.86 7.85 0

2-JMS099.30 6/7/1993 B 10 23.83 711 7.91 0

2-JMS099.30 6/22/1993|S 1 29.83 7.6 7.23 0 1.3
2-JMS099.30 6/22/1993|M 3 29.78 7.26 0

2-JMS099.30 6/22/1993 | M 5 29.75 7.25 0

2-JMS099.30 6/22/1993 | M 7 29.56 7.18 0

2-JMS099.30 6/22/1993|M 9 29.56 7.15 0

2-JMS099.30 6/22/1993 B 10 29.53 7.34 7.19 0

2-JMS099.30 7/7/1993|S 0.3

2-JMS099.30 7/7/1993|S 1 31.16 7.73 8.28 0 1.3
2-JMS099.30 7/7/1993 M 3 30.46 6.6 0

2-JMS099.30 7/7/1993 M 5 30.46 6.3 0

2-JMS099.30 7/7/1993 M 7 30.48 6.34 0

2-JMS099.30 7/7/1993 M 9 30.48 6.41 0

2-JMS099.30 7/7/1993 B 11 30.49 7.22 6.35 0

2-JMS099.30 7/21/1993|B 1

2-JMS099.30 7/21/1993|S 1 30.56 7.36 6.95 0 0.9
2-JMS099.30 7/21/1993|M 3 30.27 6.4 0

2-JMS099.30 7/21/1993|M 5 30.11 6.25 0

2-JMS099.30 7/21/1993|M 7 30.1 6.38 0

2-JMS099.30 7/21/1993|M 9 30.07 6.33 0

2-JMS099.30 7/21/1993|M 11 30.04 7.19 6.35 0

2-JMS099.30 7/21/1993|S 0.3

2-JMS099.30 8/4/1993|S 1 29.14 7.43 6.88 0 1.3
2-JMS099.30 8/4/1993 M 3 29.13 6.85 0

2-JMS099.30 8/4/1993 M 5 29.09 6.79 0

2-JMS099.30 8/4/1993 M 7 29.05 6.74 0

2-JMS099.30 8/4/1993 M 9 29.04 6.73 0

2-JMS099.30 8/4/1993 B 11 29.01 7.34 6.74 0

2-JMS099.30 8/4/1993|S 0.3

2-JMS099.30 8/18/1993|S 1 29.24 7.32 7.58 1.1
2-JMS099.30 8/18/1993|M 3 29.15 7.42

2-JMS099.30 8/18/1993|M 5 28.99 7.27

2-JMS099.30 8/18/1993|M 7 28.82 71

2-JMS099.30 8/18/1993|M 9 28.71 6.94

2-JMS099.30 8/18/1993 B 11 28.67 7.09 6.8

2-JMS099.30 8/18/1993|S 0.3

2-JMS099.30 8/18/1993|B 1

2-JMS099.30 9/2/1993|S 1 31.44 7.64 7.55 0 1.1
2-JMS099.30 9/2/1993 M 3 30.11 7.11 0

2-JMS099.30 9/2/1993 M 5 30.86 71 0

2-JMS099.30 9/2/1993 M 7 30.62 6.89 0

2-JMS099.30 9/2/1993 B 9 30.54 7.23 6.63 0

2-JMS099.30 9/20/1993|S 0.3

2-JMS099.30 9/20/1993|S 1 25.84 7.64 6.9 0 1.4
2-JMS099.30 9/20/1993|M 3 25.52 6.39 0

2-JMS099.30 9/20/1993|M 5 25.48 6.36 0

2-JMS099.30 9/20/1993|M 7 25.49 6.63 0

2-JMS099.30 9/20/1993|M 9 25.46 7.03 0

2-JMS099.30 9/20/1993|B 11 25.44 7.42 6.69 0

2-JMS099.30 10/5/1993|S 0.3

2-JMS099.30 10/5/1993|B 1

2-JMS099.30 10/5/1993 |M 1 20.01 8.18 8.8 0 1.5
2-JMS099.30 10/5/1993 |M 3 19.85 8.72 0

2-JMS099.30 10/5/1993 |M 5 19.63 8.62 0

2-JMS099.30 10/5/1993 |M 7 19.61 8.63 0

2-JMS099.30 10/5/1993|M 9 19.6 8.67 0

2-JMS099.30 10/5/1993 |M 11 19.59 8.13 8.67 0

2-JMS099.30 11/17/1993|S 0.3

2-JMS099.30 11/17/1993|B 1

2-JMS099.30 12/2/1993|B 0.3

2-JMS099.30 12/2/1993|S 0.3

2-JMS099.30 12/2/1993 |M 1 8.3 6.96 11.63 0 0.3
2-JMS099.30 12/2/1993|M 3 8.27 11.71 0

2-JMS099.30 12/2/1993 |M 5 8.2 11.75 0

2-JMS099.30 12/2/1993 |M 7 8.18 11.82 0




Station ID Collection Date |Depth Desc |Depth |Temp Celcius |Field Ph |Do Probe Do Winkler |Fdt Do Optical |Salinity |Secchi Depth

2-JMS099.30 12/2/1993 |M 9 8.22 11.86 0

2-JMS099.30 12/2/1993|M 11 8.21 6.78 11.9 0

2-JMS099.30 2/17/1994|S 1 4.33 7.34 13.01 0 0.7
2-JMS099.30 2/17/1994 M 3 4.34 12.99 0

2-JMS099.30 2/17/1994 M 5 4.33 12.98 0

2-JMS099.30 2/17/1994 | M 7 4.33 12.93 0

2-JMS099.30 2/17/1994 M 9 4.34 12.89 0

2-JMS099.30 2/17/1994 B 10 4.34 7.3 12.87 0

2-JMS099.30 3/21/1994|S 1 9.49 7.54 111 0 1.4
2-JMS099.30 3/21/1994 | M 3 9.45 11.05 0

2-JMS099.30 3/21/1994 | M 5 9.45 11.05 0

2-JMS099.30 3/21/1994 | M 7 9.44 11.05 0

2-JMS099.30 3/21/1994 | M 9 9.44 11.07 0

2-JMS099.30 3/21/1994 |B 10 9.44 7.52 111 0

2-JMS099.30 4/14/1994 |S 1 16.66 7.67 9.6 0 1.4
2-JMS099.30 4/14/1994 M 3 16.51 9.58 0

2-JMS099.30 4/14/1994 M 5 16.3 9.59 0

2-JMS099.30 4/14/1994 M 7 16.3 9.65 0

2-JMS099.30 4/14/1994 M 9 16.3 9.73 0

2-JMS099.30 4/14/1994 |B 11 16.35 7.43 9.7 0

2-JMS099.30 5/23/1994|S 1 19.49 8.94 10.21 0 0.8
2-JMS099.30 5/23/1994 | M 3 19.15 9.68 0

2-JMS099.30 5/23/1994 | M 5 19.16 9.66 0

2-JMS099.30 5/23/1994 | M 7 19.23 9.77 0

2-JMS099.30 5/23/1994 |M 9 191 9.5 0

2-JMS099.30 5/23/1994 B 11 19.08 8.72 9.52 0

2-JMS099.30 6/9/1994 |S 1 26.16 7.63 7.35 0 1
2-JMS099.30 6/9/1994 M 3 25.93 6.93 0

2-JMS099.30 6/9/1994 M 5 25.86 6.41 0

2-JMS099.30 6/9/1994 | M 7 25.8 6.24 0

2-JMS099.30 6/9/1994 | M 9 25.7 6.11 0

2-JMS099.30 6/9/1994 M 11 25.66 6.09 0

2-JMS099.30 6/9/1994 |B 12 25.65 7.34 6.13 0

2-JMS099.30 6/28/1994|S 0.3 29.55 8.34 9.36

2-JMS099.30 7/7/1994|S 1 31.85 7.83 8.36 0 1
2-JMS099.30 7/7/1994 M 3 30.89 7.5 0

2-JMS099.30 7/7/1994 M 5 30.54 7.37 0

2-JMS099.30 7/7/1994 M 7 30.04 6.9 0

2-JMS099.30 7/7/1994 M 9 29.86 6.81 0

2-JMS099.30 7/7/1994 M 11 29.86 6.78 0

2-JMS099.30 7/7/1994 B 12 29.84 7.33 6.76 0

2-JMS099.30 7/14/1994|S 0.3 30.58 7.33 6.31

2-JMS099.30 7/28/1994|S 0.3 29.2 7.39 6.3

2-JMS099.30 8/11/1994|S 1 27.6 7.72 8.19 0 1.3
2-JMS099.30 8/11/1994 | M 3 27.43 7.98 0

2-JMS099.30 8/11/1994 | M 5 27.14 7.68 0

2-JMS099.30 8/11/1994 M 7 27.06 7.58 0

2-JMS099.30 8/11/1994 | M 9 27.01 7.58 0

2-JMS099.30 8/11/1994 B 11 27 7.57 7.61 0

2-JMS099.30 8/18/1994|S 0.3 26.47 7.47 7.12

2-JMS099.30 8/30/1994|S 0.3 27.67 7.77 7.9

2-JMS099.30 9/8/1994 |S 12 2417 7.93 8.25 0

2-JMS099.30 9/8/1994 |S 1 24.35 8.1 8.68 0 1.3
2-JMS099.30 9/8/1994 M 3 24.28 8.33 0

2-JMS099.30 9/8/1994 M 5 24.25 8.28 0

2-JMS099.30 9/8/1994 M 7 24.23 8.28 0

2-JMS099.30 9/8/1994 M 9 24.21 8.25 0

2-JMS099.30 9/8/1994 |B 11 24.21 8.25 0

2-JMS099.30 9/13/1994|S 0.3 25.55 8.15 8.86

2-JMS099.30 9/26/1994|S 0.3 21.8 7.5 7.93

2-JMS099.30 10/12/1994|S 0.3 18.6 7.88 8.9

2-JMS099.30 10/17/1994|S 10 16.72 7.75 7.87

2-JMS099.30 10/17/1994|S 1 17.41 7.87 8.82

2-JMS099.30 10/17/1994 |M 3 16.94 8.71

2-JMS099.30 10/17/1994 |M 5 16.95 8.68

2-JMS099.30 10/17/1994 |M 7 16.73 8.47

2-JMS099.30 10/17/1994 B 9 16.73 8.27

2-JMS099.30 10/25/1994|S 0.3 17.16 7.71 9.22

2-JMS099.30 11/30/1994|S 11 9.14 7.36 10.82 0

2-JMS099.30 11/30/1994|S 1 9.3 7.38 10.88 0 1.3
2-JMS099.30 11/30/1994 |M 3 9.24 10.85 0

2-JMS099.30 11/30/1994 |M 5 9.19 10.84 0

2-JMS099.30 11/30/1994 |M 7 9.17 10.83 0

2-JMS099.30 11/30/1994 B 9 9.12 10.82 0

2-JMS099.30 12/6/1994|S 10 9.12 7.55 10.51 0




Station ID Collection Date |Depth Desc |Depth |Temp Celcius |Field Ph |Do Probe Do Winkler |Fdt Do Optical |Salinity |Secchi Depth

2-JMS099.30 12/6/1994|S 1 9.37 7.52 11.17 0 1.6
2-JMS099.30 12/6/1994 |M 3 9.43 11.15 0

2-JMS099.30 12/6/1994 |M 5 9.37 11.23 0

2-JMS099.30 12/6/1994 |M 7 9.12 11.28 0

2-JMS099.30 12/6/1994 B 9 9.12 10.61 0

2-JMS099.30 1/25/1995|S 11 5.3 7.54 12.8 0

2-JMS099.30 1/25/1995|S 1 5.25 7.6 12.73 0 0.8
2-JMS099.30 1/25/1995|M 3 5.26 12.75 0

2-JMS099.30 1/25/1995|M 5 5.27 12.77 0

2-JMS099.30 1/25/1995|M 7 5.26 12.75 0

2-JMS099.30 1/25/1995 |B 9 5.27 12.78 0

2-JMS099.30 2/27/1995|S 11 7.89 7.65 11.84 0

2-JMS099.30 2/27/1995|S 1 8.5 7.72 11.9 0 1.2
2-JMS099.30 2/27/1995|M 3 8.07 11.9 0

2-JMS099.30 2/27/1995 /M 5 7.96 11.89 0

2-JMS099.30 2/27/1995 M 7 7.92 11.89 0

2-JMS099.30 2/27/1995|B 9 7.91 11.88 0

2-JMS099.30 3/23/1995|S 1 14.56 7.67 10.26 0 1.1
2-JMS099.30 3/23/1995 /M 3 14.58 10.27 0

2-JMS099.30 3/23/1995|M 5 14.56 10.25 0

2-JMS099.30 3/23/1995|M 7 14.54 10.25 0

2-JMS099.30 3/23/1995|B 9 14.54 10.24 0

2-JMS099.30 3/23/1995|S 10 14.56 7.65 10.21 0

2-JMS099.30 4/18/1995|S 1 16.9 7.73 9.4 0 1.6
2-JMS099.30 4/18/1995|M 3 16.78 9.39 0

2-JMS099.30 4/18/1995|M 5 16.73 9.34 0

2-JMS099.30 4/18/1995|M 7 16.73 9.33 0

2-JMS099.30 4/18/1995|B 9 16.53 9.29 0

2-JMS099.30 4/18/1995|S 11 16.53 7.62 9.27 0

2-JMS099.30 5/3/1995|S 0.3 15.81 7.25 8.81

2-JMS099.30 5/18/1995|S 0.3 21.22 7.19 7.92

2-JMS099.30 5/23/1995|S 1 24.3 7.6 8.4 0 1.5
2-JMS099.30 5/23/1995|S 11 23.22 7.35 8.21 0

2-JMS099.30 6/1/1995|S 0.3 24.51 7.36 8.42

2-JMS099.30 6/20/1995|S 1 24.88 7.33 7.88 0 1
2-JMS099.30 6/20/1995 M 3 24.49 7.74 0

2-JMS099.30 6/20/1995 /M 5 24.51 7.77 0

2-JMS099.30 6/20/1995|M 7 24.5 7.68 0

2-JMS099.30 6/20/1995 /M 9 24.4 7.6 0

2-JMS099.30 6/20/1995 B 11 24.4 7.53 0

2-JMS099.30 6/20/1995|S 12 24.36 7.25 7.38 0

2-JMS099.30 7/18/1995|S 1 29.95 7.3 7.31 0 0.7
2-JMS099.30 7/18/1995 M 3 29.87 7.19 0

2-JMS099.30 7/18/1995 M 5 29.52 6.92 0

2-JMS099.30 7/18/1995 M 7 29.45 6.84 0

2-JMS099.30 7/18/1995/B 9 29.45 6.76 0

2-JMS099.30 7/18/1995|S 11 29.45 7.28 6.78 0

2-JMS099.30 7/31/1995|S 0.3 31.35 7.89 5.84 0

2-JMS099.30 8/23/1995|S 1 32.11 8.23 8.68 0 0.8
2-JMS099.30 8/23/1995 M 3 30.78 7.25 0

2-JMS099.30 8/23/1995|M 5 29.6 7.08 0

2-JMS099.30 8/23/1995|M 7 29.5 6.89 0

2-JMS099.30 8/23/1995 /M 9 29.41 6.77 0

2-JMS099.30 8/23/1995/B 11 29.4 6.73 0

2-JMS099.30 8/23/1995|S 12 29.37 7.65 6.75 0

2-JMS099.30 8/28/1995|S 0.3 28.6 7.48 717

2-JMS099.30 9/11/1995|S 0.3 26.77 7.66 8.87

2-JMS099.30 9/20/1995|S 0.3

2-JMS099.30 9/21/1995|S 1 25.14 7.82 7.74 0 1.1
2-JMS099.30 9/21/1995 /M 3 23.92 7.27 0

2-JMS099.30 9/21/1995 /M 5 23.77 7.22 0

2-JMS099.30 9/21/1995 /M 7 23.55 7.12 0

2-JMS099.30 9/21/1995 /M 9 23.47 7.08 0

2-JMS099.30 9/21/1995|B 11 23.48 7.05 0

2-JMS099.30 9/21/1995|S 12 23.48 7.54 7.05 0

2-JMS099.30 10/5/1995|S 0.3 21.67 7.69 7.95

2-JMS099.30 10/19/1995|S 1 18.3 7.42 8.72 0 1.1
2-JMS099.30 10/19/1995|M 3 18.05 8.7 0

2-JMS099.30 10/19/1995|M 5 17.9 8.7 0

2-JMS099.30 10/19/1995|M 7 17.84 8.69 0

2-JMS099.30 10/19/1995|B 9 17.69 7.42 8.66 0

2-JMS099.30 10/19/1995|S 12

2-JMS099.30 10/24/1995|S 0.3 15.22 7.14 9.86

2-JMS099.30 11/20/1995|S 1 6.64 7.37 12.22 0 0.7
2-JMS099.30 11/20/1995|M 3 6.65 12.21 0




Station ID Collection Date |Depth Desc |Depth |Temp Celcius |Field Ph |Do Probe Do Winkler |Fdt Do Optical |Salinity |Secchi Depth

2-JMS099.30 11/20/1995 |M 5 6.65 12.24 0

2-JMS099.30 11/20/1995 |M 7 6.63 12.25 0

2-JMS099.30 11/20/1995|B 9 6.63 12.25 0

2-JMS099.30 11/20/1995|S 11 6.61 7.36 11.75 0

2-JMS099.30 12/14/1995|S 1 2.82 7.33 13.61 0 1.3
2-JMS099.30 12/14/1995|M 3 2.82 13.58 0

2-JMS099.30 12/14/1995|M 5 2.82 13.57 0

2-JMS099.30 12/14/1995|M 7 2.8 13.52 0

2-JMS099.30 12/14/1995 B 9 2.8 13.52 0

2-JMS099.30 12/14/1995|S 10 2.81 7.33 13.52 0

2-JMS099.30 1/29/1996 |S 11 4.32 7.27 13.28 0

2-JMS099.30 1/29/1996 |S 1 4.33 7.29 13.11 0 0.1
2-JMS099.30 1/29/1996 |M 3 4.33 13.2 0

2-JMS099.30 1/29/1996 |M 5 4.33 13.25 0

2-JMS099.30 1/29/1996 |M 7 4.33 13.27 0

2-JMS099.30 1/29/1996 |B 9 4.35 13.3 0

2-JMS099.30 2/20/1996|S 1 3.86 7.43 13.36 0 0.9
2-JMS099.30 2/20/1996 | M 3 3.81 13.4 0

2-JMS099.30 2/20/1996 | M 5 3.81 13.4 0

2-JMS099.30 2/20/1996 M 7 3.81 13.4 0

2-JMS099.30 2/20/1996|B 9 3.81 13.43 0

2-JMS099.30 2/20/1996|S 11 3.78 7.39 13.5 0

2-JMS099.30 3/25/1996|S 10 8.75 7.22 11.45 0

2-JMS099.30 3/25/1996|S 1 8.81 7.24 11.63 0 0.5
2-JMS099.30 3/25/1996 |M 3 8.76 11.62 0

2-JMS099.30 3/25/1996 |M 5 8.75 11.57 0

2-JMS099.30 3/25/1996 |M 7 8.75 11.48 0

2-JMS099.30 3/25/1996 B 9 8.75 11.43 0

2-JMS099.30 4/29/1996 |S 10 17.8 7.59 8.98 0

2-JMS099.30 4/29/1996 |S 1 18.45 8.08 9.45 0 1.2
2-JMS099.30 4/29/1996 M 3 18.01 9.03 0

2-JMS099.30 4/29/1996 M 5 17.95 9.03 0

2-JMS099.30 4/29/1996 M 7 17.94 9 0

2-JMS099.30 4/29/1996 |B 9 17.82 8.96 0

2-JMS099.30 5/6/1996 |S 0.3 22 8.82 8.62

2-JMS099.30 5/15/1996|S 10 19.83 7.88 9.74 0

2-JMS099.30 5/15/1996|S 1 20.16 8.32 10.3 0 1.1
2-JMS099.30 5/15/1996 |M 3 20 10.17 0

2-JMS099.30 5/15/1996 |M 5 19.88 10.01 0

2-JMS099.30 5/15/1996 |M 7 19.86 9.94 0

2-JMS099.30 5/15/1996 B 9 19.83 9.85 0

2-JMS099.30 5/28/1996|S 0.3 19.89 7.43 8.86

2-JMS099.30 6/3/1996 |S 0.3 21.47 7.97 9.31

2-JMS099.30 6/12/1996|S 0.3 24.68 7.19 7.9

2-JMS099.30 6/18/1996|S 1 27.97 7.51 7.6 0 1
2-JMS099.30 6/18/1996 |M 3 27.97 7.6 0

2-JMS099.30 6/18/1996 | M 5 27.65 7.45 0

2-JMS099.30 6/18/1996 M 7 27.63 7.46 0

2-JMS099.30 6/18/1996 B 9 27.61 7.43 0

2-JMS099.30 6/18/1996|S 11 27.53 7.38 7.39

2-JMS099.30 6/18/1996 B 12 27.53 7.38 7.39 0

2-JMS099.30 7/1/1996|S 0.3 27.97 7.9 7.09

2-JMS099.30 7/15/1996|S 0.3 27.01 7.3 7.06

2-JMS099.30 7/23/1996|S 11 28.16 7.21 6.38 0

2-JMS099.30 7/23/1996|S 1 28.45 7.42 6.79 0 1.1
2-JMS099.30 7/23/1996 | M 3 28.4 6.67 0

2-JMS099.30 7/23/1996 M 5 28.3 6.5 0

2-JMS099.30 7/23/1996 M 7 28.2 6.4 0

2-JMS099.30 7/23/1996|B 9 28.18 6.41 0

2-JMS099.30 8/1/1996|S 0.3 28.05 7.49 6.94

2-JMS099.30 8/15/1996|S 0.3 24.91 7.41 7.91

2-JMS099.30 8/20/1996|S 1 27.32 7.55 7.47 0 1.3
2-JMS099.30 8/20/1996 |M 3 26.98 7.27 0

2-JMS099.30 8/20/1996 |M 5 26.97 7.27 0

2-JMS099.30 8/20/1996 |M 7 26.96 7.25 0

2-JMS099.30 8/20/1996 |M 9 26.96 7.25 0

2-JMS099.30 8/20/1996|B 11 26.96 7.24 0

2-JMS099.30 8/20/1996|S 12 26.95 7.47 7.24 0

2-JMS099.30 9/16/1996|S 0.3 22.25 7.62 8

2-JMS099.30 9/24/1996|S 12 20.41 7.69 8.54 0

2-JMS099.30 9/24/1996|S 1 20.87 7.78 8.62 0 0.9
2-JMS099.30 9/24/1996 |M 3 20.64 8.61 0

2-JMS099.30 9/24/1996 |M 5 20.52 8.58 0

2-JMS099.30 9/24/1996 |M 7 20.43 8.56 0

2-JMS099.30 9/24/1996 M 9 20.4 8.54 0




Station ID Collection Date |Depth Desc |Depth |Temp Celcius |Field Ph |Do Probe Do Winkler |Fdt Do Optical |Salinity |Secchi Depth

2-JMS099.30 9/24/1996|B 11 20.4 8.54 0

2-JMS099.30 9/30/1996|S 0.3 21.74 7.92 8.1

2-JMS099.30 10/9/1996|S 0.3 15.82 7.34 9.23

2-JMS099.30 10/22/1996 |S 1 15.06 7.14 9.42 0 0.5
2-JMS099.30 10/22/1996 |M 3 14.54 9.44 0

2-JMS099.30 10/22/1996 |M 5 14.45 9.43 0

2-JMS099.30 10/22/1996 |M 7 14.45 9.4 0

2-JMS099.30 10/22/1996 |M 9 14.45 9.41 0

2-JMS099.30 10/22/1996 |B 11 14.45 9.41 0

2-JMS099.30 10/22/1996 |S 12 14.45 7.13 9.41 0

2-JMS099.30 10/30/1996 |S 0.3 17.11 7.88 10.05

2-JMS099.30 11/19/1996 |S 11 6.04 7.38 12.33 0

2-JMS099.30 11/19/1996 |S 1 6.04 7.44 12.33 0 2
2-JMS099.30 11/19/1996 |M 3 6.02 12.35 0

2-JMS099.30 11/19/1996 |M 5 6.02 12.33 0

2-JMS099.30 11/19/1996 |M 7 6.02 12.34 0

2-JMS099.30 11/19/1996 |B 9 6.04 12.33 0

2-JMS099.30 12/10/1996|S 12 5.14 6.98 12.4 0

2-JMS099.30 12/10/1996 |S 1 5.14 7.12 12.56 0 0.5
2-JMS099.30 12/10/1996 |M 3 5.14 12.57 0

2-JMS099.30 12/10/1996 |M 5 5.14 12.63 0

2-JMS099.30 12/10/1996 |M 7 5.14 12.61 0

2-JMS099.30 12/10/1996 |M 9 5.14 12.61 0

2-JMS099.30 12/10/1996 |B 11 5.14 12.47 0

2-JMS099.30 2/18/1997|S 3 5.71 13.58 0

2-JMS099.30 2/18/1997 |M 5 5.69 13.66 0

2-JMS099.30 2/18/1997 M 7 5.69 13.67 0

2-JMS099.30 2/18/1997 |M 9 5.69 13.73 0

2-JMS099.30 2/18/1997|B 11 5.71 7.24 14.08 0

2-JMS099.30 2/18/1997|S 1 5.74 7.24 13.57 0 0.6
2-JMS099.30 3/18/1997|S 10 10.07 7.65 11.28 0

2-JMS099.30 3/18/1997|S 1 10.15 7.71 11.09 0 1.1
2-JMS099.30 3/18/1997 |M 3 10.14 111 0

2-JMS099.30 3/18/1997 |M 5 10.09 11.13 0

2-JMS099.30 3/18/1997 |M 7 10.07 11.15 0

2-JMS099.30 3/18/1997 B 9 10.07 11.24 0

2-JMS099.30 4/22/1997 |S 1 14.04 7.61 9.75 0 1.2
2-JMS099.30 4/22/1997 M 3 14.01 9.73 0

2-JMS099.30 4/22/1997 M 5 13.99 9.73 0

2-JMS099.30 4/22/1997 M 7 13.98 9.74 0

2-JMS099.30 4/22/1997 |B 9 13.98 9.76 0

2-JMS099.30 4/22/1997 |S 10 13.98 7.5 9.78 0

2-JMS099.30 5/21/1997|S 0.3 221 7.34 7.18

2-JMS099.30 5/27/1997|S 0.3 21.94 7.32 7.02

2-JMS099.30 5/28/1997|S 1 21.72 7.27 7.13 0 1.5
2-JMS099.30 5/28/1997 |M 3 21.62 7.14 0

2-JMS099.30 5/28/1997 |M 5 21.57 7.15 0

2-JMS099.30 5/28/1997 |M 7 21.44 717 0

2-JMS099.30 5/28/1997 |M 9 21.28 7.15 0

2-JMS099.30 5/28/1997 B 11 21.27 7.16 0

2-JMS099.30 5/28/1997|S 12 21.27 7.23 7.19 0

2-JMS099.30 6/3/1997 |S 0.3 22.37 7.07 6.92

2-JMS099.30 6/23/1997|S 0.3 28.76 7.76 6.8

2-JMS099.30 6/24/1997 |S 1 30.26 7.93 6.76 0 1
2-JMS099.30 6/24/1997 |M 3 29.37 6.31 0

2-JMS099.30 6/24/1997 |M 5 29.35 6.31 0

2-JMS099.30 6/24/1997 |M 7 29.31 6.31 0

2-JMS099.30 6/24/1997|B 9 29.31 6.32 0

2-JMS099.30 6/24/1997|S 10 29.31 7.7 6.33 0

2-JMS099.30 7/9/1997|S 0.3 29.33 7.67 6.87

2-JMS099.30 7/15/1997|S 1 30.53 8.45

2-JMS099.30 7/15/1997|S 11 28.91 7.6

2-JMS099.30 7/23/1997|S 0.3 29.3 7.42

2-JMS099.30 8/7/1997|S 0.3 28.42 7.47 6.27

2-JMS099.30 8/19/1997|S 1 30.83 7.49 6.58 0 1
2-JMS099.30 8/19/1997|S 11 30.3 7.38 6.25 0

2-JMS099.30 8/21/1997|S 0.3 29.6 7.38 6.7

2-JMS099.30 9/4/1997 |S 0.3 26.36 7.75 7

2-JMS099.30 9/23/1997|S 1 24.74 7.76 7.67 0 1.1
2-JMS099.30 9/23/1997|S 11 24.46 7.59 7.37 0

2-JMS099.30 10/2/1997|S 0.3 21.31 7.66 8

2-JMS099.30 10/20/1997|S 0.3 16.89 7.61 8.51

2-JMS099.30 10/21/1997|S 1 16.12 7.68 9.02 0 1.2
2-JMS099.30 10/21/1997 B 3 16.07 9

2-JMS099.30 10/21/1997|S 9 16.07 7.67 9.04 0




Station ID Collection Date |Depth Desc |Depth |Temp Celcius |Field Ph |Do Probe Do Winkler |Fdt Do Optical |Salinity |Secchi Depth

2-JMS099.30 11/18/1997|S 1 7.97 7.56 11.44 1.3
2-JMS099.30 11/18/1997|S 11 7.89 7.53 11.39

2-JMS099.30 12/10/1997|S 1 5.86 7.62 10.92 1.7
2-JMS099.30 12/10/1997 |M 3 5.86 10.9 0

2-JMS099.30 12/10/1997|B 5 5.86 10.9 0

2-JMS099.30 12/10/1997|S 7 5.95 7.61 10.88

2-JMS099.30 1/21/1998 |S 1 5.56 7.81 11.16 0.5
2-JMS099.30 1/21/1998 |M 3 5.56 11.18

2-JMS099.30 1/21/1998 |M 5 5.55 11.19

2-JMS099.30 1/21/1998 |M 7 5.56 11.16

2-JMS099.30 1/21/1998 |M 9 5.57 11.17

2-JMS099.30 1/21/1998 |B 11 5.57 11.2

2-JMS099.30 1/21/1998 |S 12 5.56 7.8 11.25

2-JMS099.30 2/18/1998|S 1 7.24 7.2 11.96 0.2
2-JMS099.30 2/18/1998 M 3 7.24 11.96

2-JMS099.30 2/18/1998 M 5 7.24 11.96

2-JMS099.30 2/18/1998 | M 7 7.24 11.95

2-JMS099.30 2/18/1998 | M 9 7.24 11.97

2-JMS099.30 2/18/1998 B 11 7.24 11.96

2-JMS099.30 2/18/1998|S 12 7.24 7.2 12.03 0

2-JMS099.30 3/17/1998|S 1 6.93 7.57 12.85 1.1
2-JMS099.30 3/17/1998 M 3 6.93 12.83

2-JMS099.30 3/17/1998 B 5 6.91 12.84

2-JMS099.30 3/17/1998|S 7 6.91 7.57 12.81

2-JMS099.30 4/21/1998 |S 1 14.58 7.43 10.9 0.3
2-JMS099.30 4/21/1998 M 3 14.57 10.9

2-JMS099.30 4/21/1998 M 5 14.57 10.9

2-JMS099.30 4/21/1998 |B 7 14.57 10.9

2-JMS099.30 4/21/1998 |S 9 14.57 10.9

2-JMS099.30 4/21/1998 |B 10 14.57 7.4 10.9

2-JMS099.30 5/18/1998|S 0.3 2217 7.87 8.46

2-JMS099.30 5/19/1998|S 1 23.27 7.74 8.56 0.8
2-JMS099.30 5/19/1998 M 3 22.96 8.46

2-JMS099.30 5/19/1998 M 5 22.71 8.46

2-JMS099.30 5/19/1998 B 7 22.68 8.47

2-JMS099.30 5/19/1998|S 9 22.66 7.66 8.52

2-JMS099.30 5/27/1998|S 0.3 24.21 8.35 8.61

2-JMS099.30 6/17/1998|S 0.3 25.75 7.66 7.53

2-JMS099.30 6/23/1998|S 14 27.28 7.78 7.69

2-JMS099.30 6/23/1998|S 1 28 8.14 8.75 0.7
2-JMS099.30 6/23/1998 M 3 27.73 8.68

2-JMS099.30 6/23/1998 M 5 27.56 8.03

2-JMS099.30 6/23/1998 M 7 27.43 7.98

2-JMS099.30 6/23/1998 M 9 27.34 7.8

2-JMS099.30 6/23/1998 M 11 27.31 7.73

2-JMS099.30 6/23/1998 B 13 27.79 7.69

2-JMS099.30 6/30/1998|S 0.3 29.45 7.5 6.94

2-JMS099.30 7/14/1998|S 0.3 28.4 7.75 8.5

2-JMS099.30 7/21/1998|S 1 33.07 8.6 8.9

2-JMS099.30 7/21/1998 M 3 31.02 7.45

2-JMS099.30 7/21/1998 | M 5 30.65 7.25

2-JMS099.30 7/21/1998 M 7 30.39 7

2-JMS099.30 7/21/1998 | M 9 30.04 6.75

2-JMS099.30 7/21/1998 B 11 30.02 6.68

2-JMS099.30 7/21/1998|S 12 30 8.01 6.65

2-JMS099.30 7/28/1998|S 0.3 29.73 7.8 7.62

2-JMS099.30 8/11/1998|S 0.3 28.61 7.66 7.21

2-JMS099.30 8/18/1998|S 10 28.3 7.62 6.43 0

2-JMS099.30 8/18/1998|S 1 28.73 7.73 6.8 1
2-JMS099.30 8/18/1998 M 3 28.66 6.82

2-JMS099.30 8/18/1998 | M 5 28.44 6.71

2-JMS099.30 8/18/1998 M 7 28.31 6.57

2-JMS099.30 8/18/1998|B 9 28.3 6.49

2-JMS099.30 8/25/1998|S 0.3 28.26 8.13 74

2-JMS099.30 9/14/1998|S 0.3 28.45 8.3 9.37

2-JMS099.30 9/22/1998|S 1 28.75 7.87 71 0 0.8
2-JMS099.30 9/22/1998 M 3 28.4 6.85

2-JMS099.30 9/22/1998 | M 5 28 6.64

2-JMS099.30 9/22/1998 | M 7 27.95 6.55

2-JMS099.30 9/22/1998|B 9 27.88 6.59

2-JMS099.30 9/22/1998|S 11 27.79 7.69 6.48 0

2-JMS099.30 9/29/1998|S 0.3 28.91 8.24 8.31

2-JMS099.30 10/13/1998|S 0.3 20.28 7.86 8.4

2-JMS099.30 10/20/1998|S 9 19.92 7.7 8.2

2-JMS099.30 10/20/1998|S 1 20.75 7.76 8.47 0.8




Station ID Collection Date |Depth Desc |Depth |Temp Celcius |Field Ph |Do Probe Do Winkler |Fdt Do Optical |Salinity |Secchi Depth

2-JMS099.30 10/20/1998 |M 3 20.85 8.41

2-JMS099.30 10/20/1998 |M 5 20.75 8.41

2-JMS099.30 10/20/1998 |B 7 20.61 8.38

2-JMS099.30 10/26/1998 |S 0.3 17.8 7.76 8.9

2-JMS099.30 11/18/1998 |S 1 13.81 7.54 10.49 0.2 1.2
2-JMS099.30 11/18/1998 |M 3 12.57 10.51 0.2

2-JMS099.30 11/18/1998 | M 5 12.41 10.51 0.2

2-JMS099.30 11/18/1998 | M 7 12.28 10.53 0.2

2-JMS099.30 11/18/1998 |M 9 12.29 10.52 0.2

2-JMS099.30 11/18/1998 |B 11 12.23 10.55 0.2

2-JMS099.30 11/18/1998|S 12 12.21 7.53 10.56 0.2

2-JMS099.30 12/15/1998 |S 9 9.82 11.32

2-JMS099.30 12/15/1998 |B 11 9.82 11.46

2-JMS099.30 12/15/1998|S 12 9.82 7.7 11.46

2-JMS099.30 12/15/1998|S 1 10.18 7.21 11.2 0.7
2-JMS099.30 12/15/1998 |M 3 10 11.27

2-JMS099.30 12/15/1998 |M 5 9.83 11

2-JMS099.30 12/15/1998 |B 7 9.82 11.22

2-JMS099.30 1/19/1999 S 1 6.09 7.33 12.26 0.5
2-JMS099.30 1/19/1999 M 3 6.05 12.27

2-JMS099.30 1/19/1999 M 5 6.02 12.29

2-JMS099.30 1/19/1999 M 7 6 12.31

2-JMS099.30 1/19/1999 M 9 6 12.31

2-JMS099.30 1/19/1999 |B 10 6.05 7.34 12.35

2-JMS099.30 2/23/1999|B 10 6.2 7.61 12.7

2-JMS099.30 2/23/1999|S 1 6.32 7.73 12.65 0 1.3
2-JMS099.30 2/23/1999|M 3 6.28 12.65

2-JMS099.30 2/23/1999|M 5 6.26 12.78

2-JMS099.30 2/23/1999|M 7 6.21 12.79

2-JMS099.30 2/23/1999|M 9 6.24 12.7

2-JMS099.30 3/23/1999|S 1 9.52 71 11.12 0.7
2-JMS099.30 3/23/1999|M 3 9.55 11.06

2-JMS099.30 3/23/1999|M 5 9.54 11.11

2-JMS099.30 3/23/1999|M 7 9.51 11.14

2-JMS099.30 3/23/1999|M 9 9.51 11.08

2-JMS099.30 3/23/1999 B 10

2-JMS099.30 4/20/1999 |B 9 16.11 7.58 8.59 0.1

2-JMS099.30 4/20/1999 S 1 16.41 7.75 8.79 0.1 0.5
2-JMS099.30 4/20/1999 M 3 16.31 8.64 0.1

2-JMS099.30 4/20/1999 M 5 16.32 8.64 0.1

2-JMS099.30 4/20/1999 M 7 16.29 8.7 0.1

2-JMS099.30 5/11/1999|S 0.3

2-JMS099.30 5/20/1999 B 8 21.88 7.43 8

2-JMS099.30 5/20/1999|S 1 22.08 7.45 8

2-JMS099.30 5/20/1999|M 3 21.96 8

2-JMS099.30 5/20/1999|M 5 21.92 8.01

2-JMS099.30 5/20/1999 M 7 21.86 8

2-JMS099.30 5/25/1999|S 0.3 23.97 7.24 6.64

2-JMS099.30 6/7/1999|S 0.3 28.88 8.81 10.2

2-JMS099.30 6/21/1999|S 0.3 24.58 6.98 5.45

2-JMS099.30 6/22/1999 B 9 23.63 7.05 6.34 0

2-JMS099.30 6/22/1999|S 1 24.4 7.19 7.19 1.1
2-JMS099.30 6/22/1999|M 3 24.28 7.03

2-JMS099.30 6/22/1999 | M 5 23.77 6.46

2-JMS099.30 6/22/1999 | M 7 23.73 6.44

2-JMS099.30 7/7/1999|S 0.3 34.67 8.05 7.89

2-JMS099.30 7/20/1999|S 1 30.36 8.3 10.42 1
2-JMS099.30 7/20/1999 M 3 29.94 9.71

2-JMS099.30 7/20/1999 M 5 29.5 9.03

2-JMS099.30 7/20/1999 M 7 29.16 8.62

2-JMS099.30 7/20/1999|B 8 29.15 7.75 8.6

2-JMS099.30 7/21/1999|S 0.3 31.57 7.95 7.95

2-JMS099.30 8/10/1999|S 0.3 31.8 7.89 7.05

2-JMS099.30 8/17/1999|S 1 31.36 8.06 9.14 0.2 0.8
2-JMS099.30 8/17/1999 M 3 30.57 7.92 0.2

2-JMS099.30 8/17/1999 M 5 30.31 7.3 0.2

2-JMS099.30 8/17/1999 M 7 30.17 7.32 0.2

2-JMS099.30 8/17/1999|B 9 30.15 7.53 71 0.2

2-JMS099.30 8/31/1999|S 0.3 26.84 7.61 7.13 0

2-JMS099.30 9/13/1999|S 0.3 25.57 7.63 7.62

2-JMS099.30 9/21/1999|S 1 21.11 7.03 8.6 0

2-JMS099.30 9/21/1999 M 3 21.04 8.62 0

2-JMS099.30 9/21/1999 M 5 21.02 8.61 0

2-JMS099.30 9/21/1999 M 7 21.02 8.61 0

2-JMS099.30 9/21/1999 M 9 21.02 8.61 0




Station ID Collection Date |Depth Desc |Depth |Temp Celcius |Field Ph |Do Probe Do Winkler |Fdt Do Optical |Salinity |Secchi Depth
2-JMS099.30 9/21/1999|B 11 21.02 7.02 8.61 0

2-JMS099.30 9/29/1999|S 0.3 22.15 7.28 8.3 0

2-JMS099.30 10/13/1999|S 0.3 18.98 7.41 8.79 0

2-JMS099.30 10/26/1999|S 0.3 13.98 7.54 10 0

2-JMS099.30 10/28/1999 B 9 13.89 7.61 9.3 0.1

2-JMS099.30 10/28/1999|S 1 13.89 7.64 14.24 0.1 1.4
2-JMS099.30 10/28/1999 |M 3 13.96 9.41 0.1

2-JMS099.30 10/28/1999 |M 5 13.84 9.43 0.1

2-JMS099.30 10/28/1999 |M 7 13.8 9.36 0.1

2-JMS099.30 11/18/1999|S 1

2-JMS099.30 11/18/1999 |M 3 11.69 9.75 0.1

2-JMS099.30 11/18/1999 |M 5 11.63 9.7 0.1

2-JMS099.30 11/18/1999 |M 7 11.63 9.77 0.1

2-JMS099.30 11/18/1999 |M 9 11.61 9.72 0.1

2-JMS099.30 11/18/1999 B 10 11.62 7.68 9.78 0.1

2-JMS099.30 11/18/1999|S 1

2-JMS099.30 11/18/1999|S 1

2-JMS099.30 11/18/1999|S 1

2-JMS099.30 11/18/1999|S 1

2-JMS099.30 11/18/1999|S 1

2-JMS099.30 11/18/1999|S 1

2-JMS099.30 11/18/1999|S 1

2-JMS099.30 11/18/1999|S 1

2-JMS099.30 11/18/1999|S 1

2-JMS099.30 11/18/1999|S 1 11.8 7.7 9.8 0.1 1.8
2-JMS099.30 12/21/1999 |B 7 7.23 7.35 11.43 0

2-JMS099.30 12/21/1999|S 1 7.27 7.36 11.55 0 0.7
2-JMS099.30 12/21/1999 M 3 7.27 11.63 0

2-JMS099.30 12/21/1999 M 5 7.27 11.71 0

2-JMS099.30 12/21/1999|S 0.1

2-JMS099.30 12/21/1999 |B 0.5

2-JMS099.30 1/18/2000 B 10 4.08 7.36 12.94 0

2-JMS099.30 1/18/2000|S 1

2-JMS099.30 1/18/2000 M 3 4.07 12.36 0

2-JMS099.30 1/18/2000|M 5 4.08 12.45 0

2-JMS099.30 1/18/2000 M 7 4.07 12.66 0

2-JMS099.30 1/18/2000 M 9 4.07 12.72 0

2-JMS099.30 1/18/2000|S 0.1

2-JMS099.30 1/18/2000 |B 0.5

2-JMS099.30 2/23/2000|B 11 7.33 7.35 11.97 0

2-JMS099.30 2/23/2000|S 1 7.35 7.45 11.93 0 0.4
2-JMS099.30 2/23/2000|M 3 7.33 11.93 0

2-JMS099.30 2/23/2000|M 5 7.33 11.95 0

2-JMS099.30 2/23/2000|M 7 7.32 11.97 0

2-JMS099.30 2/23/2000|M 9 7.32 11.99 0

2-JMS099.30 3/28/2000|B 10 14.01 7.27 9.49 0

2-JMS099.30 3/28/2000|S 0.1

2-JMS099.30 3/28/2000|M 0.5

2-JMS099.30 3/28/2000|S 1 14.02 7.32 9.54 0 0.8
2-JMS099.30 3/28/2000|M 1

2-JMS099.30 3/28/2000|M 1.5

2-JMS099.30 3/28/2000|B 2

2-JMS099.30 3/28/2000|M 3 14 9.52 0

2-JMS099.30 3/28/2000|M 5 14 9.49 0

2-JMS099.30 3/28/2000|M 7 14 9.49 0

2-JMS099.30 3/28/2000|M 9 13.99 9.48 0

2-JMS099.30 4/24/2000|B 12 16.31 7.18 9.22 0

2-JMS099.30 4/24/2000|S 1 16.32 7.26 9.15 0 0.5
2-JMS099.30 4/24/2000 |M 3 16.31 9.14 0

2-JMS099.30 4/24/2000 |M 5 16.32 9.14 0

2-JMS099.30 4/24/2000 |M 7 16.33 9.18 0

2-JMS099.30 4/24/2000 |M 9 16.33 9.15 0

2-JMS099.30 4/24/2000 |M 11 16.33 9.23 0

2-JMS099.30 4/24/2000|S 0.1

2-JMS099.30 4/24/2000 |M 0.5

2-JMS099.30 4/24/2000 |M 1

2-JMS099.30 4/24/2000|B 1.5

2-JMS099.30 5/1/2000|S 0.3 17.49 7.48 9.44 0

2-JMS099.30 5/22/2000|S 0.3 241 7.12 6 0

2-JMS099.30 5/23/2000|B 7 23.2 7.3 5.3 0.1

2-JMS099.30 5/23/2000|S 1 23.34 7.29 6.3 0.1 1
2-JMS099.30 5/23/2000|M 3 23.3 6.06 0.1

2-JMS099.30 5/23/2000|M 5 23.28 5.6 0.1

2-JMS099.30 5/23/2000|S 0.1

2-JMS099.30 5/23/2000|M 0.5




Station ID Collection Date |Depth Desc |Depth |Temp Celcius |Field Ph |Do Probe Do Winkler |Fdt Do Optical |Salinity |Secchi Depth
2-JMS099.30 5/23/2000|M 1

2-JMS099.30 5/23/2000|M 1.5

2-JMS099.30 5/23/2000|M 2

2-JMS099.30 5/23/2000|B 2.5

2-JMS099.30 6/5/2000|S 0.3 24.32 7.63 7.78 0
2-JMS099.30 6/20/2000|B 5 28.99 7.39 6.03 0.1
2-JMS099.30 6/20/2000|S 1 29.24 7.4 5.87 0.1
2-JMS099.30 6/20/2000|M 3 29.08 6.03 0.1
2-JMS099.30 6/22/2000|S 0.3

2-JMS099.30 6/22/2000|S 0.3 28.16 7.51 71 0
2-JMS099.30 7/11/2000|S 0.3 30.43 8.26 8.8 0
2-JMS099.30 7/18/2000|B 6 28.93 7.54 7.69 0.1
2-JMS099.30 7/18/2000|S 1 30.02 7 9.42 0.1 0.9
2-JMS099.30 7/18/2000|M 3 29.01 7.81 0.1
2-JMS099.30 7/18/2000|M 5 28.88 7.71 0.1
2-JMS099.30 7/18/2000|S 0.1

2-JMS099.30 7/18/2000|M 0.5

2-JMS099.30 7/18/2000|M 1

2-JMS099.30 7/18/2000|M 1.5

2-JMS099.30 7/18/2000|B 2

2-JMS099.30 7/26/2000|S 0.3 26.15 7.32 6.68 0
2-JMS099.30 8/7/2000|S 0.3 28.64 7.62 7.25 0
2-JMS099.30 8/22/2000|B 14 26.6 7.58 7.04 0
2-JMS099.30 8/22/2000|S 1 26.86 7.76 7.54 0 0.6
2-JMS099.30 8/22/2000|M 3 26.7 7.25 0
2-JMS099.30 8/22/2000|M 5 26.64 7.11 0
2-JMS099.30 8/22/2000|M 7 26.63 7.11 0
2-JMS099.30 8/22/2000|S 0.1

2-JMS099.30 8/22/2000|M 0.5

2-JMS099.30 8/22/2000|M 1

2-JMS099.30 8/22/2000|M 1.5

2-JMS099.30 8/22/2000|M 2

2-JMS099.30 8/22/2000|M 2.5

2-JMS099.30 8/22/2000|M 3

2-JMS099.30 8/22/2000|B 3.5

2-JMS099.30 8/23/2000|S 0.3 28.43 8.03 8.41

2-JMS099.30 9/13/2000|S 0.3 25.95 7.51 7.88 0
2-JMS099.30 9/26/2000|B 5 21.69 7.54 7.53 0.1
2-JMS099.30 9/26/2000|S 1 21.66 7.55 7.45 0.1 1.1
2-JMS099.30 9/26/2000|M 3 21.68 7.66 0.1
2-JMS099.30 9/26/2000|S 0.1

2-JMS099.30 9/26/2000|M 0.5

2-JMS099.30 9/26/2000|M 1

2-JMS099.30 9/26/2000|M 1.5

2-JMS099.30 9/26/2000|B 2

2-JMS099.30 10/2/2000(S 0.3 20.01 7.63 8.47 0
2-JMS099.30 10/16/2000|S 0.3 17.13 7.75 8.97 0
2-JMS099.30 10/24/2000 B 10 18.74 7.72 8.14 0
2-JMS099.30 10/24/2000|S 1 20.05 9.37 0 0.9
2-JMS099.30 10/24/2000|M 3 18.99 8.37 0
2-JMS099.30 10/24/2000|M 5 18.84 8.21 0
2-JMS099.30 10/24/2000|M 7 18.82 8.34 0
2-JMS099.30 10/24/2000|M 9 18.76 8.25 0
2-JMS099.30 10/24/2000|S 0.1

2-JMS099.30 10/24/2000 |M 0.5

2-JMS099.30 10/24/2000 |M 1

2-JMS099.30 10/24/2000 |M 1.5

2-JMS099.30 10/24/2000 |M 2

2-JMS099.30 10/24/2000 B 25

2-JMS099.30 10/30/2000|S 0.3 17.5 7.55 8.22 0
2-JMS099.30 11/28/2000|S 1 1
2-JMS099.30 11/28/2000 |M 3

2-JMS099.30 11/28/2000 |M 5

2-JMS099.30 11/28/2000 |M 7

2-JMS099.30 11/28/2000|B 9

2-JMS099.30 11/28/2000|S 0.1

2-JMS099.30 1/23/2001|S 0.1

2-JMS099.30 1/23/2001 |M 0.5

2-JMS099.30 1/23/2001|S 1 3.16 6.98 13.55 0 0.3
2-JMS099.30 1/23/2001 |M 1

2-JMS099.30 1/23/2001|B 1.5

2-JMS099.30 1/23/2001 |M 3 3.1 13.61 0
2-JMS099.30 1/23/2001|B 4 3.08 7 13.78 0
2-JMS099.30 2/20/2001|S 0.1

2-JMS099.30 2/20/2001|M 0.5




Station ID Collection Date |Depth Desc |Depth |Temp Celcius |Field Ph |Do Probe Do Winkler |Fdt Do Optical |Salinity |Secchi Depth
2-JMS099.30 2/20/2001|M 1

2-JMS099.30 2/20/2001|S 1 8.52 7.49 11.53 0.1 0.8
2-JMS099.30 2/20/2001|M 1.5

2-JMS099.30 2/20/2001|M 2

2-JMS099.30 2/20/2001|M 2.5

2-JMS099.30 2/20/2001|B 3

2-JMS099.30 2/20/2001|M 3 8.26 11.53 0.1
2-JMS099.30 2/20/2001|M 5 8.11 11.51 0.1
2-JMS099.30 2/20/2001|M 7 7.98 11.52 0.1
2-JMS099.30 2/20/2001|M 9 7.76 11.43 0.1
2-JMS099.30 2/20/2001|B 10 7.96 7.6 11.56 0.1
2-JMS099.30 3/27/2001|S 0.1

2-JMS099.30 3/27/2001|M 0.5

2-JMS099.30 3/27/2001|S 1 9.31 6.86 12.18 0.1 0.5
2-JMS099.30 3/27/2001|M 1

2-JMS099.30 3/27/2001|M 1.5

2-JMS099.30 3/27/2001|B 2

2-JMS099.30 3/27/2001|M 3 9.28 12.26 0.1
2-JMS099.30 3/27/2001|M 5 9.21 12.28 0.1
2-JMS099.30 3/27/2001|M 7 9 12.36 0.1
2-JMS099.30 3/27/2001|B 8 8.98 6.67 12.6 0.1
2-JMS099.30 4/24/2001|S 1 19.57 7.97 9.63 0 0.7
2-JMS099.30 4/24/2001 |M 3 19.44 9.37 0
2-JMS099.30 4/24/2001 |M 5 19.44 9.33 0
2-JMS099.30 4/24/2001|M 7 19.42 9.36 0
2-JMS099.30 4/24/2001 |M 9 19.4 9.31 0
2-JMS099.30 4/24/2001|B 10 19.4 7.9 9.39 0
2-JMS099.30 4/24/2001|S 0.1

2-JMS099.30 4/24/2001 |M 0.5

2-JMS099.30 4/24/2001 |M 1

2-JMS099.30 4/24/2001 |M 1.5

2-JMS099.30 4/24/2001 |M 2

2-JMS099.30 4/24/2001 |M 2.5

2-JMS099.30 4/24/2001|B 3

2-JMS099.30 5/7/2001|S 0.3 24.21 8.64 10.31

2-JMS099.30 5/30/2001|S 0.3 19.2 74 9.1

2-JMS099.30 6/13/2001|S 0.3 28.02 8.43 9.47 0
2-JMS099.30 6/19/2001|S 0.1

2-JMS099.30 6/19/2001|M 0.5

2-JMS099.30 6/19/2001|S 1 28.43 8.28 9.14 0.1 0.8
2-JMS099.30 6/19/2001|M 1

2-JMS099.30 6/19/2001|M 1.5

2-JMS099.30 6/19/2001|M 2

2-JMS099.30 6/19/2001|M 2.5

2-JMS099.30 6/19/2001|M 3 27.82 8.06 0.1
2-JMS099.30 6/19/2001|B 3.5

2-JMS099.30 6/19/2001|M 5 27.57 7.83 0.1
2-JMS099.30 6/19/2001|M 7 27.49 7.66 0.1
2-JMS099.30 6/19/2001|B 8 27.49 7.67 7.66 0.1
2-JMS099.30 6/28/2001|S 0.3 29.79 7.5 7.84

2-JMS099.30 7/5/2001|S 0.3 28.96 6.82 5.38

2-JMS099.30 7/24/2001|S 0.1

2-JMS099.30 7/24/2001|M 0.5

2-JMS099.30 7/24/2001|S 1 28.29 7.33 7.34 0 0.8
2-JMS099.30 7/24/2001|M 1

2-JMS099.30 7/24/2001|M 1.5

2-JMS099.30 7/24/2001|M 2

2-JMS099.30 7/24/2001|M 25

2-JMS099.30 7/24/2001|M 3 28.03 7.27 7.06 0
2-JMS099.30 7/24/2001|M 3.5

2-JMS099.30 7/24/2001|B 4

2-JMS099.30 7/24/2001|M 5 27.84 7.29 6.68 0
2-JMS099.30 7/24/2001|M 7 27.73 7.23 6.94 0
2-JMS099.30 7/24/2001|B 8 27.61 7.19 6.85 0
2-JMS099.30 7/30/2001|S 0.3 26.8 7.7 6.06

2-JMS099.30 8/6/2001|S 0.3 28.46 7.94 7.52

2-JMS099.30 8/21/2001|S 0.1

2-JMS099.30 8/21/2001|M 0.5

2-JMS099.30 8/21/2001|S 1 27.65 7.49 6.64 0 0.7
2-JMS099.30 8/21/2001|M 1

2-JMS099.30 8/21/2001|M 1.5

2-JMS099.30 8/21/2001|B 2

2-JMS099.30 8/21/2001|M 3 29.54 6.83 0
2-JMS099.30 8/21/2001|M 5 29.53 6.66 0
2-JMS099.30 8/21/2001|M 7 29.51 6.59 0




Station ID Collection Date |Depth Desc |Depth |Temp Celcius |Field Ph |Do Probe Do Winkler |Fdt Do Optical |Salinity |Secchi Depth
2-JMS099.30 8/21/2001|M 9 29.46 6.5 0
2-JMS099.30 8/21/2001|B 10 29.43 7.47 6.42 0
2-JMS099.30 8/23/2001|S 0.3 29.21 7.36 6.15

2-JMS099.30 9/18/2001|S 0.1

2-JMS099.30 9/18/2001 |M 0.5

2-JMS099.30 9/18/2001|M 1

2-JMS099.30 9/18/2001|S 1 27.25 8.1 8.02 0.3 0.9
2-JMS099.30 9/18/2001|M 1.5

2-JMS099.30 9/18/2001|M 2

2-JMS099.30 9/18/2001|M 3 26.4 7.35 0.3
2-JMS099.30 9/18/2001|M 5 26.04 8.03 0.2
2-JMS099.30 9/18/2001|M 7 25.72 7.89 0.2
2-JMS099.30 9/18/2001|M 9 25.61 7.32 0.2
2-JMS099.30 9/18/2001|B 10 25.51 7.88 7.52 0.2
2-JMS099.30 10/16/2001|S 0

2-JMS099.30 10/16/2001|S 0.1

2-JMS099.30 10/16/2001 |M 0.5

2-JMS099.30 10/16/2001 |M 1

2-JMS099.30 10/16/2001|S 1 22.64 8.16 9.43 0.3 0.6
2-JMS099.30 10/16/2001 |M 1.5

2-JMS099.30 10/16/2001 |M 2

2-JMS099.30 10/16/2001 |M 2.5

2-JMS099.30 10/16/2001 |M 3 22.01 8.92 0.3
2-JMS099.30 10/16/2001 |M 5 21.62 8.63 0.3
2-JMS099.30 10/16/2001 |M 7 21.32 8.61 0.3
2-JMS099.30 10/16/2001 |M 9 21.25 8.57 0.3
2-JMS099.30 10/16/2001 |M 11 21.18 8.55 0.3
2-JMS099.30 10/16/2001 |B 12 21.18 7.89 8.58 0.3
2-JMS099.30 11/27/2001|S 0.1

2-JMS099.30 11/27/2001 |M 0.5

2-JMS099.30 11/27/2001 |B 1

2-JMS099.30 11/27/2001|S 1 15.22 7.67 8.96 0 0.9
2-JMS099.30 11/27/2001 |M 3 14.24 8.84 0
2-JMS099.30 11/27/2001 |M 5 14.03 9 0
2-JMS099.30 11/27/2001 |M 7 13.55 9.12 0
2-JMS099.30 11/27/2001 |M 9 13.46 9.3 0
2-JMS099.30 11/27/2001 |B 10 13.44 7.65 9.4 0
2-JMS099.30 12/12/2001|S 0.1

2-JMS099.30 12/12/2001 |M 0.5

2-JMS099.30 12/12/2001 |B 1

2-JMS099.30 12/12/2001|S 1 15.3 7.43 8.4 0 1
2-JMS099.30 12/12/2001 |M 3 13.68 8.6 0
2-JMS099.30 12/12/2001 |M 5 13.41 8.78 0
2-JMS099.30 12/12/2001 |M 7 13.51 8.93 0.2
2-JMS099.30 12/12/2001|B 9 13.38 7.34 9.23 0.2
2-JMS099.30 1/22/2002|S 0.1

2-JMS099.30 1/22/2002|M 0.5

2-JMS099.30 1/22/2002|S 1 6.11 7.54 11.98 0 1.7
2-JMS099.30 1/22/2002|M 1

2-JMS099.30 1/22/2002|M 1.5

2-JMS099.30 1/22/2002|M 2

2-JMS099.30 1/22/2002|M 2.5

2-JMS099.30 1/22/2002|M 3 6.14 12.02 0
2-JMS099.30 1/22/2002|B 3.5

2-JMS099.30 1/22/2002|M 5 6.06 12.04 0
2-JMS099.30 1/22/2002 |M 7 6.05 12.09 0
2-JMS099.30 1/22/2002|M 9 5.98 12.3 0
2-JMS099.30 1/22/2002|B 11 6.01 7.14 12.9 0
2-JMS099.30 2/19/2002|S 0.1

2-JMS099.30 2/19/2002|M 0.5

2-JMS099.30 2/19/2002|S 1 8.05 7.61 11.05 0.14 1.5
2-JMS099.30 2/19/2002|M 1

2-JMS099.30 2/19/2002|M 1.5

2-JMS099.30 2/19/2002|M 2

2-JMS099.30 2/19/2002|M 25

2-JMS099.30 2/19/2002|M 3 7.64 11.06 0.13
2-JMS099.30 2/19/2002|M 3.5

2-JMS099.30 2/19/2002|B 4

2-JMS099.30 2/19/2002|M 5 7.66 11.28 0.13
2-JMS099.30 2/19/2002|M 7 7.68 11.17 0.14
2-JMS099.30 2/19/2002|M 9 7.68 11.09 0.14
2-JMS099.30 2/19/2002|M 11 7.69 11.19 0.14
2-JMS099.30 2/19/2002|B 12 7.68 7.51 11.28 0.13
2-JMS099.30 3/19/2002|S 0.1

2-JMS099.30 3/19/2002|M 0.5




Station ID Collection Date |Depth Desc |Depth |Temp Celcius |Field Ph |Do Probe Do Winkler |Fdt Do Optical |Salinity |Secchi Depth
2-JMS099.30 3/19/2002|B 1

2-JMS099.30 3/19/2002|S 1 13.4 7.54 8.27 0.15 1
2-JMS099.30 3/19/2002|M 3 13.39 8.48 0.15
2-JMS099.30 3/19/2002|M 5 13.34 8.28 0.15
2-JMS099.30 3/19/2002|M 7 13.29 8.3 0.15
2-JMS099.30 3/19/2002|M 9 13.28 8.27 0.15
2-JMS099.30 3/19/2002|M 11 13.27 8.36 0.15
2-JMS099.30 3/19/2002|B 12 13.26 7.5 8.19 0.15
2-JMS099.30 4/16/2002|S 0.1

2-JMS099.30 4/16/2002|M 0.5

2-JMS099.30 4/16/2002|S 1 21.7 7.4 7.91 0.8 1.5
2-JMS099.30 4/16/2002|M 1

2-JMS099.30 4/16/2002|M 1.5

2-JMS099.30 4/16/2002|M 2

2-JMS099.30 4/16/2002|M 2.5

2-JMS099.30 4/16/2002|M 3 21.21 7.79 0.8
2-JMS099.30 4/16/2002|M 3.5

2-JMS099.30 4/16/2002|M 4

2-JMS099.30 4/16/2002|B 4.5

2-JMS099.30 4/16/2002|M 5 21.05 7.81 0.8
2-JMS099.30 4/16/2002|M 7 20.86 7.79 0.8
2-JMS099.30 4/16/2002|B 8 20.78 7.35 7.68 0.8
2-JMS099.30 5/30/2002|S 0.1

2-JMS099.30 5/30/2002|M 0.5

2-JMS099.30 5/30/2002|S 1 26.41 8.19 8.12 0 0.9
2-JMS099.30 5/30/2002|M 1

2-JMS099.30 5/30/2002|M 1.5

2-JMS099.30 5/30/2002|M 2

2-JMS099.30 5/30/2002|B 2.5

2-JMS099.30 5/30/2002|M 3 26.01 7.99 7.67 0
2-JMS099.30 5/30/2002|M 5 25.44 7.74 7.25 0
2-JMS099.30 5/30/2002|M 7 25.31 7.6 6.54 0
2-JMS099.30 5/30/2002|M 9 25.32 7.52 6.53 0
2-JMS099.30 5/30/2002|B 10 25.31 7.48 6.43 0
2-JMS099.30 6/25/2002|S 0.1

2-JMS099.30 6/25/2002|M 0.5

2-JMS099.30 6/25/2002|M 1

2-JMS099.30 6/25/2002|S 1 31.26 8.19 0 0.4
2-JMS099.30 6/25/2002|M 1.5

2-JMS099.30 6/25/2002|B 2

2-JMS099.30 6/25/2002|M 3 30.54 7.94 0
2-JMS099.30 6/25/2002|M 5 30.51 7.94 0
2-JMS099.30 6/25/2002|M 7 30.33 7.89 0
2-JMS099.30 6/25/2002|M 9 29.94 7.81 0
2-JMS099.30 6/25/2002|B 10 29.94 7.73 0
2-JMS099.30 7/23/2002|S 0.1

2-JMS099.30 7/23/2002|M 0.5

2-JMS099.30 7/23/2002|M 1

2-JMS099.30 7/23/2002|S 1 32.08 7.86 7.89 0 0.9
2-JMS099.30 7/23/2002|M 1.5

2-JMS099.30 7/23/2002|M 2

2-JMS099.30 7/23/2002|M 2.5

2-JMS099.30 7/23/2002|M 3 31.05 7.64 6.8 0
2-JMS099.30 7/23/2002|B 3

2-JMS099.30 7/23/2002|M 5 30.94 7.62 6.77 0
2-JMS099.30 7/23/2002|M 7 30.7 7.56 6.68 0
2-JMS099.30 7/23/2002|M 9 30.68 7.59 6.69 0
2-JMS099.30 7/23/2002|M 11 30.74 7.58 4.35 0
2-JMS099.30 7/23/2002|B 12 30.6 7.2 4.35 0
2-JMS099.30 8/13/2002|S 0.1

2-JMS099.30 8/13/2002|M 0.5

2-JMS099.30 8/13/2002|S 1 30.51 7.92 7.55 0 0.9
2-JMS099.30 8/13/2002|M 1

2-JMS099.30 8/13/2002|M 1.5

2-JMS099.30 8/13/2002|M 2

2-JMS099.30 8/13/2002|M 25

2-JMS099.30 8/13/2002|M 3 30.11 7.81 7.14 0
2-JMS099.30 8/13/2002|B 3.5

2-JMS099.30 8/13/2002|M 5 29.67 7.68 6.73 0
2-JMS099.30 8/13/2002|M 7 29.64 7.69 6.76 0
2-JMS099.30 8/13/2002|M 9 29.62 7.68 6.85 0
2-JMS099.30 8/13/2002|B 11 29.64 7.69 6.86 0
2-JMS099.30 9/24/2002|S 0.1

2-JMS099.30 9/24/2002|M 0.5

2-JMS099.30 9/24/2002|M 1




Station ID Collection Date |Depth Desc |Depth |Temp Celcius |Field Ph |Do Probe Do Winkler |Fdt Do Optical |Salinity |Secchi Depth
2-JMS099.30 9/24/2002|S 1 28.76 7.85 7.76 0 0.8
2-JMS099.30 9/24/2002|M 1.5

2-JMS099.30 9/24/2002|B 2

2-JMS099.30 9/24/2002|M 3 28.19 7.45 6.34 0

2-JMS099.30 9/24/2002|M 5 28.06 7.38 6.26 0

2-JMS099.30 9/24/2002|M 7 27.92 7.37 6.36 0

2-JMS099.30 9/24/2002|B 9 27.75 7.37 6.61 0

2-JMS099.30 10/22/2002|S 0.1

2-JMS099.30 10/22/2002 |M 0.5

2-JMS099.30 10/22/2002|M 1

2-JMS099.30 10/22/2002|M 1.5

2-JMS099.30 10/22/2002|M 2

2-JMS099.30 10/22/2002|M 2.5

2-JMS099.30 10/22/2002|M 3

2-JMS099.30 10/22/2002|B 3.5

2-JMS099.30 10/22/2002|S 1 17.65 7.8 7.65 0 1.5
2-JMS099.30 10/22/2002|M 3 17.68 7.77 7.68 0

2-JMS099.30 10/22/2002|M 5 17.33 7.78 7.5 0

2-JMS099.30 10/22/2002|M 7 17.39 7.79 7.31 0

2-JMS099.30 10/22/2002|M 9 17.34 7.8 7.44 0

2-JMS099.30 10/22/2002|B 10 17.3 7.8 7.61 0

2-JMS099.30 11/19/2002|S 0.1

2-JMS099.30 11/19/2002|M 0.5

2-JMS099.30 11/19/2002 |B 1

2-JMS099.30 11/19/2002|S 1 10.01 7.05 12.35 0 0.4
2-JMS099.30 11/19/2002|M 3 10.01 7.06 11.65 0

2-JMS099.30 11/19/2002|M 5 10.01 7.05 12.32 0

2-JMS099.30 11/19/2002|M 7 10.01 7.05 13.17 0

2-JMS099.30 11/19/2002|M 9 10.03 7.05 11.83 0

2-JMS099.30 11/19/2002|B 10 10.03 7.05 12.04 0

2-JMS099.30 12/10/2002|S 0.1

2-JMS099.30 12/10/2002|M 0.5

2-JMS099.30 12/10/2002|M 1

2-JMS099.30 12/10/2002|S 1 2.53 7.46 14.38 0 25
2-JMS099.30 12/10/2002|M 1.5

2-JMS099.30 12/10/2002|B 2

2-JMS099.30 12/10/2002|M 3 2.53 7.46 15.45 0

2-JMS099.30 12/10/2002|M 5 2.52 7.45 14.58 0

2-JMS099.30 12/10/2002|M 7 2.53 7.46 15.41 0

2-JMS099.30 12/10/2002|B 9 2.54 7.46 14.97 0

2-JMS099.30 1/21/2003 |S 0.1

2-JMS099.30 1/21/2003 |M 0.5

2-JMS099.30 1/21/2003 |M 1

2-JMS099.30 1/21/2003 S 1 1.48 7.68 15.03 0 1.4
2-JMS099.30 1/21/2003 |M 1.5

2-JMS099.30 1/21/2003 |M 2

2-JMS099.30 1/21/2003 |B 2.5

2-JMS099.30 1/21/2003 |M 3 1.48 7.55 15.18 0

2-JMS099.30 1/21/2003 |M 5 1.49 7.6 14.98 0

2-JMS099.30 1/21/2003 |M 7 1.49 7.56 15.37 0

2-JMS099.30 1/21/2003 |B 9 1.49 7.54 15.14 0

2-JMS099.30 2/25/2003|S 0.1

2-JMS099.30 2/25/2003|S 1 4.46 6.8 12.9 0 0.1
2-JMS099.30 2/25/2003|M 2 4.46 6.81 12.79 0

2-JMS099.30 2/25/2003|M 3 4.46 6.72 12.79 0

2-JMS099.30 2/25/2003|M 4 4.46 6.96 12.69 0

2-JMS099.30 2/25/2003|B 5 4.46 6.85 12.67 0

2-JMS099.30 3/18/2003|S 0.1

2-JMS099.30 3/18/2003|M 0.5

2-JMS099.30 3/18/2003|S 1 11.73 7.8 10.35 0 0.1
2-JMS099.30 3/18/2003|M 1

2-JMS099.30 3/18/2003|M 1.5

2-JMS099.30 3/18/2003|M 2

2-JMS099.30 3/18/2003|M 3 11.47 7.77 10.8 0

2-JMS099.30 3/18/2003|M 5 11.27 7.75 10.63 0

2-JMS099.30 3/18/2003|M 7 11.45 7.75 10.85 0

2-JMS099.30 3/18/2003|M 9 11.31 7.74 10.95 0

2-JMS099.30 3/18/2003|M 11 11.23 7.74 10.96 0

2-JMS099.30 3/18/2003|B 12 11.2 7.74 10.98 0

2-JMS099.30 4/15/2003|S 1 13.31 6.86 11.27 0

2-JMS099.30 4/15/2003|B 3 13.4 7.35 11.23 0

2-JMS099.30 5/27/2003|S 0.1

2-JMS099.30 5/27/2003|S 1 17.21 6.9 9.37 0 0.5
2-JMS099.30 5/27/2003|M 3 17.32 6.85 9.36 0

2-JMS099.30 5/27/2003|M 5 17.22 6.94 9 0




Station ID Collection Date |Depth Desc |Depth |Temp Celcius |Field Ph |Do Probe Do Winkler |Fdt Do Optical |Salinity |Secchi Depth
2-JMS099.30 5/27/2003|B 6 17.22 6.96 9.04 0

2-JMS099.30 6/24/2003|S 0.1

2-JMS099.30 6/24/2003 | M 0.5

2-JMS099.30 6/24/2003|S 1 21.07 7.59 8.35 0 0.6
2-JMS099.30 6/24/2003 | M 1

2-JMS099.30 6/24/2003 | M 1.5

2-JMS099.30 6/24/2003 | M 2

2-JMS099.30 6/24/2003 | M 3 21.04 7.58 8.36 0

2-JMS099.30 6/24/2003 | M 5 21.03 7.58 8.37 0

2-JMS099.30 6/24/2003|M 7 21.07 7.57 8.43 0

2-JMS099.30 6/24/2003 | M 9 21.06 7.57 8.55 0

2-JMS099.30 6/24/2003 | M 11 21.07 7.58 8.67 0

2-JMS099.30 6/24/2003 B 12 21.06 7.58 8.66 0

2-JMS099.30 7/15/2003|S 0.1

2-JMS099.30 7/15/2003 | M 0.5

2-JMS099.30 7/15/2003|S 1 27.76 8.25 8.89 0 0.6
2-JMS099.30 7/15/2003|M 1

2-JMS099.30 7/15/2003|M 1.5

2-JMS099.30 7/15/2003|M 2

2-JMS099.30 7/15/2003|M 2.5

2-JMS099.30 7/15/2003|M 3 27.18 7.81 7.91 0

2-JMS099.30 7/15/2003|M 5 27.07 7.72 7.77 0

2-JMS099.30 7/15/2003|B 7 26.95 7.67 7.71 0

2-JMS099.30 8/26/2003|S 0.1

2-JMS099.30 8/26/2003|M 0.5

2-JMS099.30 8/26/2003|S 1 29.41 8.19 8.41 0 0.7
2-JMS099.30 8/26/2003 | M 1

2-JMS099.30 8/26/2003 | M 1.5

2-JMS099.30 8/26/2003|M 2

2-JMS099.30 8/26/2003|M 2.5

2-JMS099.30 8/26/2003|M 3 28.45 7.99 7.82 0

2-JMS099.30 8/26/2003 B 3

2-JMS099.30 8/26/2003|M 5 28.1 7.83 7.48 0

2-JMS099.30 8/26/2003|M 7 28 7.78 7.33 0

2-JMS099.30 8/26/2003|M 9 27.97 7.78 7.24 0

2-JMS099.30 8/26/2003|M 11 27.95 7.77 7.15 0

2-JMS099.30 8/26/2003 B 12 27.95 7.77 7.2 0

2-JMS099.30 9/24/2003|S 0.1

2-JMS099.30 9/24/2003|S 1 21.04 7.2 8.81 0 0.2
2-JMS099.30 9/24/2003 B 3 21.01 7.31 8.69 0

2-JMS099.30 10/28/2003 |S 0.1

2-JMS099.30 10/28/2003 |B 0.5

2-JMS099.30 10/28/2003|S 1 15.22 7.71 9.56 0 1
2-JMS099.30 10/28/2003 |M 3 15.22 7.71 9.56 0

2-JMS099.30 10/28/2003 |M 5 15.23 7.7 9.47 0

2-JMS099.30 10/28/2003 |M 7 15.23 7.7 9.55 0

2-JMS099.30 10/28/2003 |B 9 15.19 7.69 9.78 0

2-JMS099.30 11/18/2003|S 0.1

2-JMS099.30 11/18/2003 |M 0.5

2-JMS099.30 11/18/2003|S 1 10.4 7.57 10.34 0 0.5
2-JMS099.30 11/18/2003 |M 1

2-JMS099.30 11/18/2003 |B 1.5

2-JMS099.30 11/18/2003 |M 3 10.4 7.53 10.58 0

2-JMS099.30 11/18/2003 |M 5 10.39 7.51 10.55 0

2-JMS099.30 11/18/2003 |M 7 10.38 7.49 10.44 0

2-JMS099.30 11/18/2003 |M 9 10.36 7.5 10.31 0

2-JMS099.30 11/18/2003 |M 11 10.4 7.5 10.31 0

2-JMS099.30 11/18/2003|B 12 10.41 7.5 10.37 0

2-JMS099.30 12/16/2003|S 0.1

2-JMS099.30 12/16/2003 |M 0.5

2-JMS099.30 12/16/2003 |M 1

2-JMS099.30 12/16/2003|S 1 4.23 7.26 12.72 0 0.4
2-JMS099.30 12/16/2003|M 3 4.21 7.24 12.5 0

2-JMS099.30 12/16/2003 |M 5 4.21 7.22 12.58 0

2-JMS099.30 12/16/2003 |M 7 4.22 7.2 12.7 0

2-JMS099.30 12/16/2003 |M 9 4.24 7.21 12.55 0

2-JMS099.30 12/16/2003|B 10 4.26 7.21 12.66 0

2-JMS099.30 2/25/2004|S 0.1

2-JMS099.30 2/25/2004 |M 0.5

2-JMS099.30 2/25/2004 |M 1

2-JMS099.30 2/25/2004|S 1 6.37 7.67 12.32 0 1.3
2-JMS099.30 2/25/2004 |M 1.5

2-JMS099.30 2/25/2004 |M 2

2-JMS099.30 2/25/2004 |M 25

2-JMS099.30 2/25/2004 M 3 6.36 7.67 12.33 0




Station ID Collection Date |Depth Desc |Depth |Temp Celcius |Field Ph |Do Probe Do Winkler |Fdt Do Optical |Salinity |Secchi Depth
2-JMS099.30 2/25/2004 |M 3.5

2-JMS099.30 2/25/2004 |M 4

2-JMS099.30 2/25/2004 |M 4.5

2-JMS099.30 2/25/2004 | M 5 6.36 7.64 12.33 0
2-JMS099.30 2/25/2004 | M 7 6.37 7.65 12.35 0
2-JMS099.30 2/25/2004|B 9 6.39 7.64 12.41 0
2-JMS099.30 3/23/2004|S 0.1

2-JMS099.30 3/23/2004 | M 0.5

2-JMS099.30 3/23/2004|S 1 11.69 8.29 10.84 0
2-JMS099.30 3/23/2004 |M 1

2-JMS099.30 3/23/2004 |M 1.5

2-JMS099.30 3/23/2004 |M 2

2-JMS099.30 3/23/2004 |M 2.5

2-JMS099.30 3/23/2004 |M 3 11.55 8.26 10.93 0
2-JMS099.30 3/23/2004 |M 3.5

2-JMS099.30 3/23/2004 |M 4

2-JMS099.30 3/23/2004 |M 5 11.7 8.27 10.81 0
2-JMS099.30 3/23/2004 |M 7 11.66 8.27 10.95 0
2-JMS099.30 3/23/2004|B 8 11.64 8.25 11.17 0
2-JMS099.30 4/20/2004 |S 0.1

2-JMS099.30 4/20/2004 |M 0.5

2-JMS099.30 4/20/2004 |M 1

2-JMS099.30 4/20/2004 |S 1 17.16 7.32 9.41 0 0.7
2-JMS099.30 4/20/2004 |M 1.5

2-JMS099.30 4/20/2004 |B 2

2-JMS099.30 4/20/2004 |M 3 16.91 7.32 9.39 0
2-JMS099.30 4/20/2004 |M 5 16.85 7.32 9.49 0
2-JMS099.30 4/20/2004 |B 7 16.83 7.33 9.52 0
2-JMS099.30 5/18/2004|S 0.1

2-JMS099.30 5/18/2004 |M 0.5

2-JMS099.30 5/18/2004|S 1 7.43

2-JMS099.30 5/18/2004 |M 1

2-JMS099.30 5/18/2004 |M 1.5

2-JMS099.30 5/18/2004 |M 2

2-JMS099.30 5/18/2004 |M 2.5

2-JMS099.30 5/18/2004 |M 3 7.45

2-JMS099.30 5/18/2004 |M 3.5

2-JMS099.30 5/18/2004 |M 5 7.39

2-JMS099.30 5/18/2004 |M 7 7.38

2-JMS099.30 5/18/2004 |M 9 7.32

2-JMS099.30 5/18/2004 B 11 7.3

2-JMS099.30 6/15/2004|S 0.1

2-JMS099.30 6/15/2004 |M 0.5

2-JMS099.30 6/15/2004 |M 1

2-JMS099.30 6/15/2004|S 1 26.02 7.37 7.75 0 0.8
2-JMS099.30 6/15/2004 |M 1.5

2-JMS099.30 6/15/2004 |M 2

2-JMS099.30 6/15/2004 |M 2.5

2-JMS099.30 6/15/2004 | M 3 24.96 7.37 7.59 0
2-JMS099.30 6/15/2004 | M 5 24.9 7.33 7.51 0
2-JMS099.30 6/15/2004 |M 7 24.79 7.33 7.47 0
2-JMS099.30 6/15/2004 |M 9 24.69 7.34 7.4 0
2-JMS099.30 6/15/2004 B 11 24.65 7.34 7.32 0
2-JMS099.30 7/20/2004|S 0.1

2-JMS099.30 7/20/2004 |M 0.5

2-JMS099.30 7/20/2004 |M 1

2-JMS099.30 7/20/2004|S 1 28.35 7.78 7.2 0 0.9
2-JMS099.30 7/20/2004 |M 1.5

2-JMS099.30 7/20/2004 |M 2

2-JMS099.30 7/20/2004 | M 3 27.7 7.67 6.8 0
2-JMS099.30 7/20/2004 | M 5 27.63 7.67 6.49 0
2-JMS099.30 7/20/2004 | M 7 27.6 7.68 6.78 0
2-JMS099.30 7/20/2004 | M 9 27.57 7.66 6.64 0
2-JMS099.30 7/20/2004|B 11 27.58 7.65 6.45 0
2-JMS099.30 8/17/2004|S 1 22.91 7.14 6.97 0 0.3
2-JMS099.30 8/17/2004 | M 3 22.92 7.12 6.93 0
2-JMS099.30 8/17/2004 | M 5 22.89 7.12 7.23 0
2-JMS099.30 8/17/2004|B 6 22.9 7.13 7.2 0
2-JMS099.30 9/21/2004|S 0.1

2-JMS099.30 9/21/2004 |M 0.5

2-JMS099.30 9/21/2004 |M 1

2-JMS099.30 9/21/2004|S 1 20.53 7.56 8.55 0 0.4
2-JMS099.30 9/21/2004|B 1.5

2-JMS099.30 9/21/2004 |M 3 20.52 7.55 8.54 0
2-JMS099.30 9/21/2004 M 5 20.52 7.55 8.51 0




Station ID Collection Date |Depth Desc |Depth |Temp Celcius |Field Ph |Do Probe Do Winkler |Fdt Do Optical |Salinity |Secchi Depth
2-JMS099.30 9/21/2004 | M 7 20.48 7.56 8.63 0

2-JMS099.30 9/21/2004 | M 9 20.47 7.55 8.57 0

2-JMS099.30 9/21/2004 |M 11 20.46 7.64 8.65 0

2-JMS099.30 9/21/2004|B 12 20.47 7.63 8.64 0

2-JMS099.30 10/19/2004|S 0.1

2-JMS099.30 10/19/2004 |M 0.5

2-JMS099.30 10/19/2004 |M 1

2-JMS099.30 10/19/2004|S 1 15.56 7.75 9.07 0 0.9
2-JMS099.30 10/19/2004 |M 1.5

2-JMS099.30 10/19/2004 |M 2

2-JMS099.30 10/19/2004 |M 3 15.56 7.75 9.12 0

2-JMS099.30 10/19/2004 |M 5 15.54 7.71 9.26 0

2-JMS099.30 10/19/2004 |M 7 15.48 7.68 9.35 0

2-JMS099.30 10/19/2004 |B 9 15.42 7.69 9.56 0

2-JMS099.30 11/16/2004 |S 1 9.19 7.47 11.32 0 0.4
2-JMS099.30 11/16/2004 |M 3 9.17 7.49 11.32 0

2-JMS099.30 11/16/2004 |M 5 9.19 7.49 11.33 0

2-JMS099.30 11/16/2004 |M 7 9.16 7.48 11.35 0

2-JMS099.30 11/16/2004 |M 9 9.12 7.39 11.43 0

2-JMS099.30 11/16/2004 |M 11 9.13 7.38 11.42 0

2-JMS099.30 11/16/2004 |B 12 9.14 7.44 11.49 0

2-JMS099.30 12/14/2004 |S 0.1

2-JMS099.30 12/14/2004 |M 0.5

2-JMS099.30 12/14/2004 |S 1 8.29 7.74 11.33 0 0.6
2-JMS099.30 12/14/2004 |B 1

2-JMS099.30 12/14/2004 |M 3 8.29 7.72 11.36 0

2-JMS099.30 12/14/2004 |M 5 8.28 7.73 11.27 0

2-JMS099.30 12/14/2004 | M 7 8.28 7.71 11.3 0

2-JMS099.30 12/14/2004 |B 8 8.29 7.73 11.51 0

2-JMS099.30 1/26/2005|S 1 1.26 7.66 13.83 0 0.9
2-JMS099.30 1/26/2005|M 3 1.27 7.66 13.81 0

2-JMS099.30 1/26/2005|M 5 1.27 7.65 13.75 0

2-JMS099.30 1/26/2005|M 7 1.31 7.63 13.9 0

2-JMS099.30 1/26/2005|M 9 1.31 7.63 13.93 0

2-JMS099.30 1/26/2005|M 11 1.35 7.66 13.96 0

2-JMS099.30 1/26/2005 |B 12 1.33 7.7 14.13 0

2-JMS099.30 2/15/2005|S 0.1

2-JMS099.30 2/15/2005|M 0.5

2-JMS099.30 2/15/2005|M 1

2-JMS099.30 2/15/2005|S 1 7.23 7.81 11.88 0 1.8
2-JMS099.30 2/15/2005|M 1.5

2-JMS099.30 2/15/2005|M 2

2-JMS099.30 2/15/2005|M 2.5

2-JMS099.30 2/15/2005|M 3 7.2 7.75 11.89 0

2-JMS099.30 2/15/2005|M 3.5

2-JMS099.30 2/15/2005|M 4

2-JMS099.30 2/15/2005|M 5 71 7.78 11.85 0

2-JMS099.30 2/15/2005|M 7 717 7.8 11.87 0

2-JMS099.30 2/15/2005|M 9 717 7.76 11.91 0

2-JMS099.30 2/15/2005|B 11 7.13 7.8 12.03 0

2-JMS099.30 3/22/2005|S 0.1

2-JMS099.30 3/22/2005|M 0.5

2-JMS099.30 3/22/2005|S 1 11.92 8.57 11.29 0 1.5
2-JMS099.30 3/22/2005|M 1

2-JMS099.30 3/22/2005|M 1.5

2-JMS099.30 3/22/2005|M 2

2-JMS099.30 3/22/2005|M 25

2-JMS099.30 3/22/2005/M 3 11.5 8.5 11.26 0

2-JMS099.30 3/22/2005|M 3.5

2-JMS099.30 3/22/2005|M 4

2-JMS099.30 3/22/2005|B 4.5

2-JMS099.30 3/22/2005|M 5 11.22 8.55 11.47 0

2-JMS099.30 3/22/2005|M 7 11.16 8.5 11.41 0

2-JMS099.30 3/22/2005|M 9 11.15 8.51 11.52 0

2-JMS099.30 3/22/2005|B 11 11.12 8.54 11.78 0

2-JMS099.30 4/19/2005|S 0.1

2-JMS099.30 4/19/2005|M 0.5

2-JMS099.30 4/19/2005|M 1

2-JMS099.30 4/19/2005|S 1 17.8 8.09 9.41 0 0.8
2-JMS099.30 4/19/2005|M 1.5

2-JMS099.30 4/19/2005|M 2

2-JMS099.30 4/19/2005|B 25

2-JMS099.30 4/19/2005|M 3 17.4 8 9.6 0

2-JMS099.30 4/19/2005|M 5 17.2 7.94 9.6 0

2-JMS099.30 4/19/2005|M 7 17 7.92 9.6 0




Station ID Collection Date |Depth Desc |Depth |Temp Celcius |Field Ph |Do Probe Do Winkler |Fdt Do Optical |Salinity |Secchi Depth
2-JMS099.30 4/19/2005|M 9 16.8 7.85 9.79 0

2-JMS099.30 4/19/2005|M 11 16.1 7.82 9.87 0

2-JMS099.30 4/19/2005|B 12 16.1 7.84 9.95 0

2-JMS099.30 5/24/2005|S 0.1

2-JMS099.30 5/24/2005 M 0.5

2-JMS099.30 5/24/2005|M 1

2-JMS099.30 5/24/2005|S 1 21.01 7.22 7.51 0.7
2-JMS099.30 5/24/2005 M 3 21.06 7.47 7.71 0

2-JMS099.30 5/24/2005 M 5 21.02 7.45 7.69 0

2-JMS099.30 5/24/2005|M 7 21 7.43 7.76

2-JMS099.30 5/24/2005|M 9 20.97 7.41 7.75 0

2-JMS099.30 5/24/2005|B 11 20.97 7.51 7.75 0

2-JMS099.30 6/21/2005|S 0.1

2-JMS099.30 6/21/2005 /M 0.5

2-JMS099.30 6/21/2005|M 1

2-JMS099.30 6/21/2005|S 1 27.6 7.68 6.77 0 0.8
2-JMS099.30 6/21/2005|M 1.5

2-JMS099.30 6/21/2005|M 2

2-JMS099.30 6/21/2005|M 3 274 7.62 6.48 0

2-JMS099.30 6/21/2005|M 5 27.2 7.58 6.33 0

2-JMS099.30 6/21/2005|M 7 27.2 7.57 6.31 0

2-JMS099.30 6/21/2005|M 9 27.2 7.54 6.29 0

2-JMS099.30 6/21/2005|B 10 271 7.52 6.32 0

2-JMS099.30 7/19/2005|S 0.1

2-JMS099.30 7/19/2005|S 0.3

2-JMS099.30 7/19/2005|M 0.5

2-JMS099.30 7/19/2005|S 1 31.19 7.68 6.97 0 0.8
2-JMS099.30 7/19/2005|M 1

2-JMS099.30 7/19/2005|M 1.5

2-JMS099.30 7/19/2005|M 2

2-JMS099.30 7/19/2005|M 2.5

2-JMS099.30 7/19/2005|M 3 30.74 7.62 6.69 0

2-JMS099.30 7/19/2005|M 3.5

2-JMS099.30 7/19/2005|B 4

2-JMS099.30 7/19/2005|M 5 30.66 7.59 6.58 0

2-JMS099.30 7/19/2005|M 7 30.53 7.54 6.44 0

2-JMS099.30 7/19/2005|M 9 30.49 7.51 6.48 0

2-JMS099.30 7/19/2005|M 11 30.49 7.44 6.3 0

2-JMS099.30 7/19/2005|B 12 30.46 7.44 6.35 0

2-JMS099.30 8/23/2005|S 0.1

2-JMS099.30 8/23/2005|S 0.3

2-JMS099.30 8/23/2005|M 0.5

2-JMS099.30 8/23/2005|M 1

2-JMS099.30 8/23/2005|S 1 29.9 7.36 6.22 0 1
2-JMS099.30 8/23/2005|M 1.5

2-JMS099.30 8/23/2005|M 2

2-JMS099.30 8/23/2005|M 2.5

2-JMS099.30 8/23/2005/M 3 29.8 7.4 6.01 0

2-JMS099.30 8/23/2005|M 5 29.8 7.4 6.06 0

2-JMS099.30 8/23/2005|M 7 29.9 7.48 6.13 0

2-JMS099.30 8/23/2005|M 9 29.8 7.43 6.09 0

2-JMS099.30 8/23/2005|B 10 29.8 7.43 6.06 0

2-JMS099.30 9/20/2005|S 0.1

2-JMS099.30 9/20/2005|M 0.5

2-JMS099.30 9/20/2005|M 1

2-JMS099.30 9/20/2005|S 1 27.9 7.8 7.7 0 0.7
2-JMS099.30 9/20/2005|M 1.5

2-JMS099.30 9/20/2005 M 3 27.5 7.63 7.06 0

2-JMS099.30 9/20/2005 /M 5 27.5 7.63 7.14 0

2-JMS099.30 9/20/2005 /M 7 27.6 7.77 7.34 0

2-JMS099.30 9/20/2005|M 9 27.6 7.71 7.23 0

2-JMS099.30 9/20/2005 /M 11 27.6 7.7 7.25 0

2-JMS099.30 9/20/2005|B 12 27.6 7.72 7.24 0

2-JMS099.30 10/18/2005|S 0.3

2-JMS099.30 10/18/2005|S 1 19.1 7.31 8.43 0 1.2
2-JMS099.30 10/18/2005 |M 3 19 7.38 8.34 0

2-JMS099.30 10/18/2005|M 5 18.9 7.41 8.3 0

2-JMS099.30 10/18/2005|M 7 18.9 7.41 8.19 0

2-JMS099.30 10/18/2005|M 9 18.9 7.42 7.75 0

2-JMS099.30 10/18/2005|M 11 18.9 7.38 6.08 0

2-JMS099.30 10/18/2005|B 12 19 7.36 4.54 0

2-JMS099.30 11/15/2005|S 0.3 7.67 9.22

2-JMS099.30 11/15/2005|S 0.1

2-JMS099.30 11/15/2005 |M 0.5

2-JMS099.30 11/15/2005|S 1 15.4 7.67 9.22 0 1




Station ID Collection Date |Depth Desc |Depth |Temp Celcius |Field Ph |Do Probe Do Winkler |Fdt Do Optical |Salinity |Secchi Depth
2-JMS099.30 11/15/2005 |M 1

2-JMS099.30 11/15/2005 |M 1.5

2-JMS099.30 11/15/2005 |M 2

2-JMS099.30 11/15/2005 |M 2.5

2-JMS099.30 11/15/2005|B 3

2-JMS099.30 11/15/2005 |M 3 14.9 7.65 9.17 0
2-JMS099.30 11/15/2005 |M 5 14.9 7.65 9.16 0
2-JMS099.30 11/15/2005 |M 7 14.7 7.61 9.13 0
2-JMS099.30 11/15/2005|M 9 14.7 7.56 9.03 0
2-JMS099.30 11/15/2005|M 11 14.7 7.56 8.97 0
2-JMS099.30 11/15/2005|B 12 14.7 7.59 9.01 0
2-JMS099.30 12/13/2005|S 1

2-JMS099.30 12/13/2005|S 0.3 4.05 7.21 12.8

2-JMS099.30 12/21/2005|S 0.1

2-JMS099.30 12/21/2005|M 0.5

2-JMS099.30 12/21/2005|S 1 3.91 7.49 13.06 0 0.6
2-JMS099.30 12/21/2005|M 1

2-JMS099.30 12/21/2005|M 1.5

2-JMS099.30 12/21/2005|B 2

2-JMS099.30 12/21/2005|M 3 3.91 7.51 13.02 0
2-JMS099.30 12/21/2005|M 5 3.91 7.51 12.96 0
2-JMS099.30 12/21/2005|M 7 3.91 7.48 12.95 0
2-JMS099.30 12/21/2005|M 9 3.92 7.45 12.92 0
2-JMS099.30 12/21/2005|B 11 3.94 7.45 12.9 0
2-JMS099.30 1/17/2006 |S 0

2-JMS099.30 1/17/2006 |S 0.1

2-JMS099.30 1/17/2006 |M 0.5

2-JMS099.30 1/17/2006 |M 1

2-JMS099.30 1/17/2006 |S 1 5.9 7.47 12.52 0 0.4
2-JMS099.30 1/17/2006 |M 3 5.9 7.46 12.57 0
2-JMS099.30 1/17/2006 |M 5 5.9 7.44 12.61 0
2-JMS099.30 1/17/2006 |M 7 5.9 7.33 12.64 0
2-JMS099.30 1/17/2006 |M 9 5.9 7.26 12.63 0
2-JMS099.30 1/17/2006 |B 10 5.9 7.26 12.67 0
2-JMS099.30 1/17/2006 |S 0

2-JMS099.30 2/21/2006|S 0.1

2-JMS099.30 2/21/2006 |M 0.5

2-JMS099.30 2/21/2006|S 1 6.4 7.5 12.9 0 2
2-JMS099.30 2/21/2006|M 1

2-JMS099.30 2/21/2006 |M 1.5

2-JMS099.30 2/21/2006 |M 2

2-JMS099.30 2/21/2006 |M 2.5

2-JMS099.30 2/21/2006|M 3 6.3 7.61 12.91 0
2-JMS099.30 2/21/2006 |M 3.5

2-JMS099.30 2/21/2006|B 4 6.3 7.5 13 0
2-JMS099.30 2/21/2006 |M 4

2-JMS099.30 2/21/2006 |M 4.5

2-JMS099.30 2/21/2006 |M 5

2-JMS099.30 2/21/2006|B 5.5

2-JMS099.30 3/20/2006|S 0.1

2-JMS099.30 3/20/2006 |M 0.5

2-JMS099.30 3/20/2006|S 1 12.9 7.9 10.1 1.7
2-JMS099.30 3/20/2006 |M 1

2-JMS099.30 3/20/2006 |M 1.5

2-JMS099.30 3/20/2006 |M 2

2-JMS099.30 3/20/2006 |M 25

2-JMS099.30 3/20/2006|M 3 12.9 7.9 10.1

2-JMS099.30 3/20/2006 |M 3.5

2-JMS099.30 3/20/2006|M 5 12.8 7.9 10.1

2-JMS099.30 3/20/2006|M 7 12.8 7.9 10.1

2-JMS099.30 3/20/2006|M 9 12.8 7.9 10.2

2-JMS099.30 3/20/2006 |B 11 12.8 7.8 10.2

2-JMS099.30 4/26/2006|S 0.1

2-JMS099.30 4/26/2006 |M 0.5

2-JMS099.30 4/26/2006|S 1 214 7.5 7.6 0 1.4
2-JMS099.30 4/26/2006 |M 1

2-JMS099.30 4/26/2006 |M 1.5

2-JMS099.30 4/26/2006 |M 2

2-JMS099.30 4/26/2006 |M 25

2-JMS099.30 4/26/2006 |B 3

2-JMS099.30 4/26/2006 |M 3 21.3 7.5 7.6 0
2-JMS099.30 4/26/2006 |M 5 21.3 7.5 7.6 0
2-JMS099.30 4/26/2006 |M 7 21.2 7.5 7.6 0
2-JMS099.30 4/26/2006 |M 9 21.2 7.5 7.7 0
2-JMS099.30 4/26/2006 B 11 21.2 7.5 7.6 0




Station ID Collection Date Temp Celcius Fdt Do Optical |Salinity |Secchi Depth
2-JMS099.30 5/15/2006|S

2-JMS099.30 5/15/2006 |M

2-JMS099.30 5/15/2006|S 21 0
2-JMS099.30 5/15/2006 |M

2-JMS099.30 5/15/2006 | M

2-JMS099.30 5/15/2006 |M

2-JMS099.30 5/15/2006 | M

2-JMS099.30 5/15/2006 |M 211 0
2-JMS099.30 5/15/2006 |M

2-JMS099.30 5/15/2006 |M

2-JMS099.30 5/15/2006|B

2-JMS099.30 5/15/2006 |M 20.9 0
2-JMS099.30 5/15/2006 |B 20.9 0
2-JMS099.30 6/21/2006|S 27.8 0
2-JMS099.30 6/29/2006|S

2-JMS099.30 6/29/2006|S

2-JMS099.30 7/24/2006|S

2-JMS099.30 7/24/2006 | M

2-JMS099.30 7/24/2006|S 30.5 0
2-JMS099.30 7/24/2006 | M

2-JMS099.30 7/24/2006 | M

2-JMS099.30 7/24/2006 |M

2-JMS099.30 7/24/2006 | M

2-JMS099.30 7/24/2006 |M 30 0
2-JMS099.30 7/24/2006 B

2-JMS099.30 7/24/2006 | M 29.5 0
2-JMS099.30 7/24/2006 | M 29.3 0
2-JMS099.30 7/24/2006 |M 29.3 0
2-JMS099.30 7/24/2006 |B 29.3 0
2-JMS099.30 8/22/2006|S

2-JMS099.30 8/22/2006 |M .

2-JMS099.30 8/22/2006|S 1 31.3 0 0.6
2-JMS099.30 8/22/2006|B 1

2-JMS099.30 8/22/2006|M 3 30.5 0
2-JMS099.30 8/22/2006|M 5 29.9 0
2-JMS099.30 8/22/2006 |M 7 30 0
2-JMS099.30 8/22/2006|B 9 29.6 0
2-JMS099.30 9/27/2006|S 0.1

2-JMS099.30 9/27/2006|S 1 23.3 0
2-JMS099.30 10/30/2006 |S 0.1

2-JMS099.30 10/30/2006 |M 0.5

2-JMS099.30 10/30/2006 |M 1

2-JMS099.30 10/30/2006 |S 1 11.8 0 0.5
2-JMS099.30 10/30/2006 |M 1.5

2-JMS099.30 10/30/2006 |M 3 11.8 0
2-JMS099.30 10/30/2006|M 5 11.8 0
2-JMS099.30 10/30/2006|M 7 11.8 0
2-JMS099.30 10/30/2006|M 9 11.8 0
2-JMS099.30 10/30/2006 |B 11.8 0
2-JMS099.30 11/15/2006 |S

2-JMS099.30 11/15/2006 |M .

2-JMS099.30 11/15/2006 |M 1

2-JMS099.30 11/15/2006 |S 1 12.7 0 0.5
2-JMS099.30 11/15/2006 |M 3 12.7 0
2-JMS099.30 11/15/2006 |M 5 12.6 0
2-JMS099.30 11/15/2006 |M 7 12.7 0
2-JMS099.30 11/15/2006 |M 9 12.7 0
2-JMS099.30 11/15/2006 |B 10 12.7 0
2-JMS099.30 12/18/2006|S 1 75 0
2-JMS099.30 1/24/2007 |S 0.1

2-JMS099.30 1/24/2007 |M 0.5

2-JMS099.30 1/24/2007 |S 1 5.2 0 1.3
2-JMS099.30 1/24/2007 |M 1

2-JMS099.30 1/24/2007 |M 1.5

2-JMS099.30 1/24/2007 |M 2

2-JMS099.30 1/24/2007 |M 25

2-JMS099.30 1/24/2007 |M 3 5.2 0
2-JMS099.30 1/24/2007 |M 3.5

2-JMS099.30 1/24/2007 |M 4

2-JMS099.30 1/24/2007 |M 45

2-JMS099.30 1/24/2007 |M 5 5.2 0
2-JMS099.30 1/24/2007 |M 7 5.2 0
2-JMS099.30 1/24/2007 |M 9 5.2 0
2-JMS099.30 1/24/2007 |B 10 5.2 0
2-JMS099.30 2/20/2007|S 0.1




Station ID Collection Date |Depth Desc |Depth |Temp Celcius |Field Ph |Do Probe Do Winkler |Fdt Do Optical |Salinity |Secchi Depth

2-JMS099.30 2/20/2007 |M 0.5

2-JMS099.30 2/20/2007 |M 1

2-JMS099.30 2/20/2007|S 1 3.3 7.5 13.1 0 0.4
2-JMS099.30 2/20/2007 |M 1.5

2-JMS099.30 2/20/2007 |M 2

2-JMS099.30 2/20/2007 |M 3 3.2 7.5 131 0

2-JMS099.30 2/20/2007 |M 5 3.1 7.5 13.2 0

2-JMS099.30 2/20/2007 |M 7 3.1 7.5 13.3 0

2-JMS099.30 2/20/2007 |B 8 3.2 7.4 13.3 0

2-JMS099.30 3/19/2007 |S 0.1

2-JMS099.30 3/19/2007 |M 0.5

2-JMS099.30 3/19/2007 |S 1 8.3 7.2 11.6 0 0.2
2-JMS099.30 3/19/2007 |M 1

2-JMS099.30 3/19/2007 |M 3 8.3 7.2 11.6 0

2-JMS099.30 3/19/2007 |M 5 8.3 7.2 11.5 0

2-JMS099.30 3/19/2007 |M 7 8.3 71 11.6 0

2-JMS099.30 3/19/2007 |M 9 8.3 71 11.6 0

2-JMS099.30 3/19/2007 |B 11 8.3 71 11.6 0

2-JMS099.30 4/30/2007 |S 1 21.3 8.1 9 0 1.2
2-JMS099.30 4/30/2007 |M 3 201 8 8.9 0

2-JMS099.30 4/30/2007 |M 5 20 7.9 8.8 0

2-JMS099.30 4/30/2007 |M 7 19.9 7.9 8.8 0

2-JMS099.30 4/30/2007 |M 9 19.9 7.8 8.8 0

2-JMS099.30 4/30/2007 |B 10 19.9 7.8 8.9 0

2-JMS099.30 5/30/2007 |S 1 27.7 7.7 7 0 1.2
2-JMS099.30 5/30/2007 |M 2 275 7.6 6.7 0

2-JMS099.30 5/30/2007 |M 3 27.2 7.5 6.4 0

2-JMS099.30 5/30/2007 |M 4 271 7.5 6.4 0

2-JMS099.30 5/30/2007 |M 5 27 7.5 6.4 0

2-JMS099.30 5/30/2007 |M 6 27 7.5 6.1 0

2-JMS099.30 5/30/2007 |M 7 26.9 7.5 6.1 0

2-JMS099.30 5/30/2007 |M 8 26.9 7.5 6.1 0

2-JMS099.30 5/30/2007 |M 9 26.9 7.5 6 0

2-JMS099.30 5/30/2007 |B 10 26.9 7.5 6.1 0

2-JMS099.30 6/18/2007 |S 1 26.4 7.7 7.6 0 1
2-JMS099.30 6/18/2007 |M 2 25.9 7.6 7.2 0

2-JMS099.30 6/18/2007 |M 3 25.6 7.5 71 0

2-JMS099.30 6/18/2007 |M 4 25.5 7.5 7 0

2-JMS099.30 6/18/2007 |M 5 25.4 7.5 7 0

2-JMS099.30 6/18/2007 |M 6 25.3 7.5 7 0

2-JMS099.30 6/18/2007 |M 7 25.3 7.5 6.9 0

2-JMS099.30 6/18/2007 |M 8 25.3 74 6.9 0

2-JMS099.30 6/18/2007 |M 9 25.2 74 6.9 0

2-JMS099.30 6/18/2007 |B 10 25.2 7.4 6.9 0

2-JMS099.30 7/23/2007 |S 1 28.7 7.6 6.5 7 0 1.1
2-JMS099.30 7/23/2007 |M 2 28.6 7.6 6.3 6.7 0

2-JMS099.30 7/23/2007 |M 3 28.6 7.6 6.2 6.5 0

2-JMS099.30 7/23/2007 |M 4 28.5 7.5 6.1 6.4 0

2-JMS099.30 7/23/2007 |M 5 28.5 7.5 6 6.3 0

2-JMS099.30 7/23/2007 |M 6 28.5 7.5 6 6.3 0

2-JMS099.30 7/23/2007 |M 7 28.4 7.5 5.9 6.2 0

2-JMS099.30 7/23/2007 |M 8 28.4 7.5 5.7 6.1 0

2-JMS099.30 7/23/2007 |M 9 28.4 7.5 5.7 6.1 0

2-JMS099.30 7/23/2007 |M 10 28.4 7.5 5.8 6 0

2-JMS099.30 7/23/2007 |B 11 28.3 74 5.7 5.9 0

2-JMS099.30 8/20/2007|S 1 27.7 7.1 4.1 4.3 0 0.7
2-JMS099.30 8/20/2007 |M 2 27.7 7.1 4.1 4.3 0

2-JMS099.30 8/20/2007 |M 3 27.7 7.1 4.1 4.3 0

2-JMS099.30 8/20/2007 |M 4 27.7 7 4.2 4.3 0

2-JMS099.30 8/20/2007 |M 5 27.7 7.1 4.1 4.3 0

2-JMS099.30 8/20/2007 |M 6 27.7 7.1 4.1 4.3 0

2-JMS099.30 8/20/2007 |M 7 27.7 7.1 4.1 4.3 0

2-JMS099.30 8/20/2007 |M 8 27.7 7.1 4.2 4.3 0

2-JMS099.30 8/20/2007|B 9 27.7 7 4.2 4.3 0

2-JMS099.30 9/24/2007|S 1 29.8 8.6 10.2 0 0.6
2-JMS099.30 9/24/2007 |M 2 28.1 8.3 9.4 0

2-JMS099.30 9/24/2007 |M 3 27.5 8.4 10 0

2-JMS099.30 9/24/2007 |M 4 26.9 8.2 9.1 0

2-JMS099.30 9/24/2007 |M 5 26.7 8.2 9 0

2-JMS099.30 9/24/2007 |M 6 26.7 8.1 8.7 0

2-JMS099.30 9/24/2007 |M 7 25.2 7.8 7.4 0

2-JMS099.30 9/24/2007 |M 8 25.1 7.8 74 0

2-JMS099.30 9/24/2007 |M 9 25.1 7.8 75 0

2-JMS099.30 9/24/2007 |B 10 25 7.8 75 0

2-JMS099.30 10/22/2007|S 1 26.3 8.4 9.4 0.5




Station ID Collection Date |Depth Desc Temp Celcius |Field Ph Do Winkler |Fdt Do Optical |Salinity |Secchi Depth
2-JMS099.30 10/22/2007 |M 2 25 8

2-JMS099.30 10/22/2007 |M 3 24.5 8

2-JMS099.30 10/22/2007 |M 4 24 7.8

2-JMS099.30 10/22/2007 |M 5 23.7 7.8

2-JMS099.30 10/22/2007 |M 6 23.4 7.8

2-JMS099.30 10/22/2007 |M 7 23.3 7.8

2-JMS099.30 10/22/2007 |M 8 23.3 7.8

2-JMS099.30 10/22/2007 |M 9 23.3 7.8

2-JMS099.30 10/22/2007 |M 10 23.3 7.8

2-JMS099.30 10/22/2007 |B 11 23.3 7.8

2-JMS099.30 11/13/2007 |S 1 11.9 7.6 0 1.4
2-JMS099.30 11/13/2007 |M 2 11.8 7.6 0

2-JMS099.30 11/13/2007 |M 3 11.8 7.6 0

2-JMS099.30 11/13/2007 |M 4 11.7 7.6 0

2-JMS099.30 11/13/2007 |M 5 11.7 7.6 0

2-JMS099.30 11/13/2007 |M 6 11.7 7.6 0

2-JMS099.30 11/13/2007 |M 7 11.7 7.6 0

2-JMS099.30 11/13/2007 |M 8 11.7 7.6 0

2-JMS099.30 11/13/2007 |M 9 11.7 7.6 0

2-JMS099.30 11/13/2007 |B 10 11.6 7.6 0

2-JMS099.30 12/10/2007 |S 1 7.6 7.4 0 1.5
2-JMS099.30 12/10/2007 |M 2 7.7 7.4 0

2-JMS099.30 12/10/2007 |M 3 7.6 7.4 0

2-JMS099.30 12/10/2007 |M 4 7.5 7.4 0

2-JMS099.30 12/10/2007 |M 5 7.5 7.4 0

2-JMS099.30 12/10/2007 |M 6 7.6 7.4 0

2-JMS099.30 12/10/2007 |M 7 7.6 7.4 0

2-JMS099.30 12/10/2007 |M 8 7.6 7.4 0

2-JMS099.30 12/10/2007 |M 9 7.7 7.4 0

2-JMS099.30 12/10/2007 |B 10 7.8 7.4 0

2-JMS099.30 1/23/2008 |S 0

2-JMS099.30 1/23/2008 |S 1 34 7.2 0 1.4
2-JMS099.30 1/23/2008 |M 2 34 7.2 0

2-JMS099.30 1/23/2008 |M 3 34 7.2 0

2-JMS099.30 1/23/2008 |M 4 34 7.2 0

2-JMS099.30 1/23/2008 |M 5 34 7.2 0

2-JMS099.30 1/23/2008 |M 6 34 7.2 0

2-JMS099.30 1/23/2008 |M 7 3.4 7.2 0

2-JMS099.30 1/23/2008 |M 8 34 7.2 0

2-JMS099.30 1/23/2008 |M 9 3.4 7.2 0

2-JMS099.30 1/23/2008 |B 10 34 7.3 0

2-JMS099.30 2/14/2008|S 1 6.2 6.9 0 1.2
2-JMS099.30 2/14/2008 M 2 6.1 6.9 0

2-JMS099.30 2/14/2008 M 3 6.1 6.9 0

2-JMS099.30 2/14/2008 M 4 6.1 6.8 0

2-JMS099.30 2/14/2008 | M 5 6.1 6.8 0

2-JMS099.30 2/14/2008|B 6 6.2 6.9 0

2-JMS099.30 3/18/2008|S 1 12 6.9 0 1.6
2-JMS099.30 3/18/2008 | M 2 12 6.8 0

2-JMS099.30 3/18/2008|M 3 11.9 6.8 0

2-JMS099.30 3/18/2008|M 4 11.7 6.8 0

2-JMS099.30 3/18/2008|M 5 11.7 6.8 0

2-JMS099.30 3/18/2008|M 6 11.7 6.8 0

2-JMS099.30 3/18/2008|M 7 11.7 6.8 0

2-JMS099.30 3/18/2008|M 8 11.6 6.8 0

2-JMS099.30 3/18/2008| M 9 11.6 6.8 0

2-JMS099.30 3/18/2008|B 10 11.6 6.7 0

2-JMS099.30 4/15/2008|S 1 16.2 6.8 0 1.2
2-JMS099.30 4/15/2008 |M 2 16 6.7 0

2-JMS099.30 4/15/2008 |M 3 16 6.7 0

2-JMS099.30 4/15/2008 |M 4 16 6.7 0

2-JMS099.30 4/15/2008 |M 5 16 6.7 0

2-JMS099.30 4/15/2008 |M 6 16 6.7 0

2-JMS099.30 4/15/2008 |M 7 15.9 6.7 0

2-JMS099.30 4/15/2008|B 8 15.9 6.6 0

2-JMS099.30 5/22/2008|S 1 20 7.7 0.9
2-JMS099.30 5/22/2008| M 2 19.9 7.7

2-JMS099.30 5/22/2008| M 3 19.8 7.7

2-JMS099.30 5/22/2008| M 4 19.8 7.7

2-JMS099.30 5/22/2008| M 5 19.8 7.7

2-JMS099.30 5/22/2008|M 6 19.8 7.7

2-JMS099.30 5/22/2008| M 7 19.7 7.7

2-JMS099.30 5/22/2008| M 8 19.7 7.7

2-JMS099.30 5/22/2008| M 9 19.7 7.7

2-JMS099.30 5/22/2008 |B 10 19.7 7.7




Station ID Collection Date |Depth Desc |Depth |Temp Celcius |Field Ph |Do Probe Do Winkler |Fdt Do Optical |Salinity |Secchi Depth

2-JMS099.30 6/17/2008|S 1 30.8 7.5 6.2 0 1
2-JMS099.30 6/17/2008 M 2 30.4 7.3 5.1 0

2-JMS099.30 6/17/2008 M 3 30.4 7.4 5.2 0

2-JMS099.30 6/17/2008 M 4 30.3 7.3 5 0

2-JMS099.30 6/17/2008 M 5 30.3 7.3 4.9 0

2-JMS099.30 6/17/2008 M 6 30.3 7.3 4.9 0

2-JMS099.30 6/17/2008 M 7 30.3 7.3 4.9 0

2-JMS099.30 6/17/2008 M 8 30.3 7.3 5 0

2-JMS099.30 6/17/2008 M 9 30.3 7.3 5 0

2-JMS099.30 6/17/2008 M 10 30.3 7.3 5.1 0

2-JMS099.30 6/17/2008 B 11 30.3 7.3 5.1 0

2-JMS099.30 7/15/2008|S 1 29.4 7.7 6.5 0 0.8
2-JMS099.30 7/15/2008 M 2 28.8 7.6 6.5 0

2-JMS099.30 7/15/2008 | M 3 28.5 7.5 5.8 0

2-JMS099.30 7/15/2008|M 4 28.4 7.5 5.8 0

2-JMS099.30 7/15/2008|M 5 28.3 7.5 5.7 0

2-JMS099.30 7/15/2008|M 6 28.3 7.5 5.6 0

2-JMS099.30 7/15/2008|M 7 28.3 7.5 5.6 0

2-JMS099.30 7/15/2008|M 8 28.3 7.5 5.6 0

2-JMS099.30 7/15/2008|M 9 28.3 7.5 5.6 0

2-JMS099.30 7/15/2008 |B 10 28.3 7.5 5.7 0

2-JMS099.30 9/16/2008|S 1 26.8 7.2 6 0 0.7
2-JMS099.30 9/16/2008 | M 2 26.7 7.2 6 0

2-JMS099.30 9/16/2008 | M 3 26.7 7.2 6 0

2-JMS099.30 9/16/2008 | M 4 26.7 7.2 6 0

2-JMS099.30 9/16/2008 M 5 26.7 7.2 6 0

2-JMS099.30 9/16/2008|B 6 26.6 7.2 5.9 0

2-JMS099.30 10/21/2008|S 1 19.3 7.7 8 0 0.9
2-JMS099.30 10/21/2008 | M 2 19.2 7.7 7.8 0

2-JMS099.30 10/21/2008 | M 3 19.2 7.7 7.7 0

2-JMS099.30 10/21/2008 | M 4 19.2 7.7 7.6 0

2-JMS099.30 10/21/2008 | M 5 19.2 7.7 7.5 0

2-JMS099.30 10/21/2008 | M 6 19.2 7.7 7.5 0

2-JMS099.30 10/21/2008 | M 7 19.2 7.7 7.6 0

2-JMS099.30 10/21/2008 | M 8 19.2 7.7 7.7 0

2-JMS099.30 10/21/2008|M 9 19.2 7.6 7.9 0

2-JMS099.30 10/21/2008 |B 10 19.1 7.6 8.1 0

2-JMS099.30 11/24/2008 |S 1 8 7.8 11.8 0 1.3
2-JMS099.30 11/24/2008 |M 2 8.1 7.8 11.8 0

2-JMS099.30 11/24/2008 |M 3 7.8 7.8 11.8 0

2-JMS099.30 11/24/2008 |M 4 7.7 7.8 11.8 0

2-JMS099.30 11/24/2008 |M 5 7.6 7.8 11.9 0

2-JMS099.30 11/24/2008 |M 6 7.6 7.8 12 0

2-JMS099.30 11/24/2008 |M 7 7.6 7.8 11.9 0

2-JMS099.30 11/24/2008 |M 8 7.6 7.8 11.9 0

2-JMS099.30 11/24/2008 |M 9 7.6 7.9 11.9 0

2-JMS099.30 11/24/2008 |M 10 7.6 7.9 12 0

2-JMS099.30 11/24/2008 |M 11 7.5 7.9 12 0

2-JMS099.30 11/24/2008 |B 12 7.5 7.9 121 0

2-JMS099.30 12/9/2008 |S 1 5.6 7.9 131 0 1.8
2-JMS099.30 12/9/2008 |M 2 55 7.9 131 0

2-JMS099.30 12/9/2008 |M 3 5.4 7.9 131 0

2-JMS099.30 12/9/2008 |M 4 5.4 7.9 131 0

2-JMS099.30 12/9/2008 |M 5 5.4 8 13.2 0

2-JMS099.30 12/9/2008 |M 6 5.3 8 13.2 0

2-JMS099.30 12/9/2008 |M 7 5.3 8 13.4 0

2-JMS099.30 12/9/2008 |M 8 5.3 8.1 13.4 0

2-JMS099.30 12/9/2008 |B 9 5.3 8.1 13.4 0

2-JMS099.30 1/21/2009|S 1 1 7.4 13.7 0 0.7
2-JMS099.30 1/21/2009 |M 2 1 7.4 13.8 0

2-JMS099.30 1/21/2009 |M 3 1 7.4 13.8 0

2-JMS099.30 1/21/2009 |M 4 1 7.4 13.8 0

2-JMS099.30 1/21/2009 |M 5 1 7.4 13.9 0

2-JMS099.30 1/21/2009 |M 6 1 7.4 14 0

2-JMS099.30 1/21/2009 |M 7 1 7.4 14 0

2-JMS099.30 1/21/2009 |M 8 1 7.4 14 0

2-JMS099.30 1/21/2009 |B 9 1 7.4 14 0

2-JMS099.30 2/19/2009|S 1 7.5 6.3 11.3 0 1.1
2-JMS099.30 2/19/2009|M 2 7.5 6.3 11.3 0

2-JMS099.30 2/19/2009|M 3 7.5 6.2 11.3 0

2-JMS099.30 2/19/2009|M 4 7.5 6.1 11.3 0

2-JMS099.30 2/19/2009|M 5 7.5 6 11.3 0

2-JMS099.30 2/19/2009|M 6 7.5 5.8 11.3 0

2-JMS099.30 2/19/2009|M 7 7.5 5.8 11.3 0

2-JMS099.30 2/19/2009 M 8 7.4 5.6 11.2 0




Station ID Collection Date |Depth Desc |Depth |Temp Celcius |Field Ph |Do Probe Do Winkler |Fdt Do Optical |Salinity |Secchi Depth

2-JMS099.30 2/19/2009 | M 9 7.4 4.8 10.6 0

2-JMS099.30 2/19/2009 M 10 7.3 4.8 10.5 0

2-JMS099.30 2/19/2009|B 11 7.4 4.7 10.6 0

2-JMS099.30 3/17/2009|S 1 9.6 7.4 10.5 0 1.1
2-JMS099.30 3/17/2009|M 2 9.6 7.4 10.6 0

2-JMS099.30 3/17/2009|M 3 9.6 7.5 10.6 0

2-JMS099.30 3/17/2009|M 4 9.6 7.5 10.7 0

2-JMS099.30 3/17/2009|M 5 9.5 7.5 10.7 0

2-JMS099.30 3/17/2009|M 6 9.5 7.5 10.8 0

2-JMS099.30 3/17/2009|M 7 9.5 7.5 10.8 0

2-JMS099.30 3/17/2009 M 8 9.5 7.5 11 0

2-JMS099.30 3/17/2009|M 9 9.5 7.5 10.9 0

2-JMS099.30 3/17/2009|B 10 9.5 7.4 111 0

2-JMS099.30 4/30/2009|S 1 211 7.4 8.4 1.2
2-JMS099.30 4/30/2009 M 2 21 7.4 8.4

2-JMS099.30 4/30/2009 M 3 21 7.4 8.4

2-JMS099.30 4/30/2009 M 4 21 7.4 8.5

2-JMS099.30 4/30/2009 M 5 21 7.4 8.5

2-JMS099.30 4/30/2009 M 6 21 7.4 8.5

2-JMS099.30 4/30/2009 |M 7 20.9 7.4 8.5

2-JMS099.30 4/30/2009 |B 8 20.9 7.4 8.5

2-JMS099.30 5/19/2009|S 1 18.9 7.6 9.1 0.2
2-JMS099.30 5/19/2009|M 2 18.9 7.6 9

2-JMS099.30 5/19/2009|M 3 18.9 7.6 9.2

2-JMS099.30 5/19/2009|M 4 18.9 7.6 9.3

2-JMS099.30 5/19/2009|M 5 18.9 7.7 9.3

2-JMS099.30 5/19/2009|M 6 18.9 7.7 9.3

2-JMS099.30 5/19/2009|M 7 18.8 7.7 9.4

2-JMS099.30 5/19/2009|M 8 18.8 7.7 9.4

2-JMS099.30 5/19/2009 |B 9 18.8 7.7 9.5

2-JMS099.30 6/16/2009|S 1 26.7 7.4 7.4 0.8
2-JMS099.30 6/16/2009|M 2 26.7 74 74

2-JMS099.30 6/16/2009|M 3 26.7 74 74

2-JMS099.30 6/16/2009|M 4 26.7 7.4 74

2-JMS099.30 6/16/2009|M 5 26.7 7.4 74

2-JMS099.30 6/16/2009|M 6 26.7 7.4 74

2-JMS099.30 6/16/2009|M 7 26.6 7.4 7.4

2-JMS099.30 6/16/2009|M 8 26.6 7.4 7.4

2-JMS099.30 6/16/2009|M 9 26.6 7.4 7.4

2-JMS099.30 6/16/2009|B 10 26.6 7.4 7.4

2-JMS099.30 7/21/2009|S 1 28.5 7.2 5.7 1.2
2-JMS099.30 7/21/2009|M 2 28.4 7.2 5.7

2-JMS099.30 7/21/2009|M 3 28.4 7.2 5.7

2-JMS099.30 7/21/2009|M 4 28.4 7.2 5.7

2-JMS099.30 7/21/2009|M 5 28.4 7.2 5.7

2-JMS099.30 7/21/2009|M 6 28.3 7.2 5.6

2-JMS099.30 7/21/2009|M 7 28.1 71 5.4

2-JMS099.30 7/21/2009|M 8 28 71 5.3

2-JMS099.30 7/21/2009|M 9 28 71 5.3

2-JMS099.30 7/21/2009|B 10 28 71 5.4

2-JMS099.30 8/18/2009|S 1 32.4 8.2 7.2 1.1
2-JMS099.30 8/18/2009|M 2 31.8 8.2 7

2-JMS099.30 8/18/2009|M 3 31.3 8.1 6.8

2-JMS099.30 8/18/2009|M 4 30.8 8 6.5

2-JMS099.30 8/18/2009|M 5 30.6 8 6.4

2-JMS099.30 8/18/2009|M 6 30.3 7.9 6.3

2-JMS099.30 8/18/2009 M 7 30.3 7.9 6.3

2-JMS099.30 8/18/2009 M 8 30.2 7.9 6.2

2-JMS099.30 8/18/2009 M 9 30.1 7.9 6.2

2-JMS099.30 8/18/2009|M 10 30.1 7.9 6.2

2-JMS099.30 8/18/2009|M 11 30 7.9 6.2

2-JMS099.30 8/18/2009|B 12 30 7.9 6.2

2-JMS099.30 9/15/2009|S 1 28.3 8.4 0.8
2-JMS099.30 9/15/2009 M 2 26.9 7.9

2-JMS099.30 9/15/2009 | M 3 25.7 7.7

2-JMS099.30 9/15/2009 | M 4 25.5 7.6

2-JMS099.30 9/15/2009|M 5 25.5 7.6

2-JMS099.30 9/15/2009|M 6 25.5 7.6

2-JMS099.30 9/15/2009|M 7 25.4 7.6

2-JMS099.30 9/15/2009|B 8 24.7 7.6

2-JMS099.30 10/28/2009|S 1 16.8 7.7 8.4 1.6
2-JMS099.30 10/28/2009 |M 2 16.7 7.7 8.4

2-JMS099.30 10/28/2009 |M 3 16.7 7.7 8.3

2-JMS099.30 10/28/2009 |M 4 16.7 7.7 8.3

2-JMS099.30 10/28/2009 |M 5 16.6 7.7 8.3




Station ID Collection Date |Depth Desc |Depth |Temp Celcius |Field Ph |Do Probe Do Winkler |Fdt Do Optical |Salinity |Secchi Depth

2-JMS099.30 10/28/2009 |M 6 16.6 7.7 8.3

2-JMS099.30 10/28/2009 |M 7 16.6 7.7 8.3

2-JMS099.30 10/28/2009 |M 8 16.6 7.7 8.4

2-JMS099.30 10/28/2009 |M 9 16.6 7.7 8.5

2-JMS099.30 10/28/2009|B 10 16.6 7.7 8.5

2-JMS099.30 11/9/2009|S 1 131 7.7 1.1
2-JMS099.30 11/9/2009 M 2 12.9 7.7

2-JMS099.30 11/9/2009 M 3 12.9 7.7

2-JMS099.30 11/9/2009 M 4 12.8 7.7

2-JMS099.30 11/9/2009 |M 5 12.8 7.7

2-JMS099.30 11/9/2009 M 6 12.8 7.8

2-JMS099.30 11/9/2009 M 7 12.8 7.8

2-JMS099.30 11/9/2009 M 8 12.8 7.9

2-JMS099.30 11/9/2009 B 9 12.9 7.9

2-JMS099.30 12/8/2009|S 1 6.8 6.9 11.9 0.5
2-JMS099.30 12/8/2009 M 2 6.8 6.8 11.9

2-JMS099.30 12/8/2009 |M 3 6.8 6.8 11.9

2-JMS099.30 12/8/2009 |M 4 6.8 6.8 11.9

2-JMS099.30 12/8/2009 |M 5 6.8 6.8 11.9

2-JMS099.30 12/8/2009 |M 6 6.8 6.8 12

2-JMS099.30 12/8/2009 |M 7 6.8 6.7 11.9

2-JMS099.30 12/8/2009 |B 8 6.8 6.7 11.9

2-JMS099.30 1/25/2010(S 0

2-JMS099.30 1/25/2010(S 1 7.4 7.5 1.4 0.3
2-JMS099.30 1/25/2010|M 2 7.4 7.5 11.3

2-JMS099.30 1/25/2010|M 3 7.3 7.5 11.3

2-JMS099.30 1/25/2010|M 4 7.3 7.4 111

2-JMS099.30 1/25/2010|M 5 7.3 7.4 111

2-JMS099.30 1/25/2010|M 6 7.3 7.4 11

2-JMS099.30 1/25/2010|M 7 7.3 7.4 10.9

2-JMS099.30 1/25/2010|M 8 7.3 7.4 10.9

2-JMS099.30 1/25/2010|M 9 7.3 7.4 10.9

2-JMS099.30 1/25/2010|M 10 7.4 7.4 10.9

2-JMS099.30 1/25/2010|B 11 7.4 7.4 10.7

2-JMS099.30 2/17/2010|S 1 3.5 7.6 12.4 1
2-JMS099.30 2/17/2010|M 2 3.5 7.6 12.4

2-JMS099.30 2/17/2010|M 3 35 7.6 12.4

2-JMS099.30 2/17/2010|M 4 3.5 7.6 12.3

2-JMS099.30 2/17/2010|M 5 3.5 7.5 12.3

2-JMS099.30 2/17/2010|M 6 3.5 7.5 12.3

2-JMS099.30 2/17/2010|M 7 3.5 7.5 12.3

2-JMS099.30 2/17/2010|M 8 3.6 7.5 12.3

2-JMS099.30 2/17/2010|B 9 3.7 7.5 12.3

2-JMS099.30 3/4/2010|S 1 5.7 7.6 12.6 1.2
2-JMS099.30 3/4/2010|M 2 5.7 7.6 12.7

2-JMS099.30 3/4/2010|M 3 5.7 7.5 12.7

2-JMS099.30 3/4/2010|M 4 5.7 7.5 12.7

2-JMS099.30 3/4/2010|M 5 5.7 7.5 12.7

2-JMS099.30 3/4/2010|M 6 5.7 7.5 12.7

2-JMS099.30 3/4/2010|M 7 5.6 7.5 12.7

2-JMS099.30 3/4/2010|M 8 5.6 7.4 12.8

2-JMS099.30 3/4/2010|M 9 5.6 7.4 12.8

2-JMS099.30 3/4/2010|B 10 5.6 7.4 12.8

2-JMS099.30 4/6/2010|S 1 18.1 7.5 9.3 1.1
2-JMS099.30 4/6/2010|M 2 18 7.5 9.4

2-JMS099.30 4/6/2010|M 3 18.1 7.5 9.4

2-JMS099.30 4/6/2010|M 4 17.7 7.4 9.4

2-JMS099.30 4/6/2010|M 5 17.7 7.4 9.4

2-JMS099.30 4/6/2010|M 6 17.7 7.4 9.4

2-JMS099.30 4/6/2010|M 7 17.7 7.4 9.4

2-JMS099.30 4/6/2010|M 8 17.7 7.4 9.4

2-JMS099.30 4/6/2010|M 9 17.7 7.4 9.4

2-JMS099.30 4/6/2010|B 10 17.7 7.4 9.4

2-JMS099.30 5/4/2010|S 1 23.7 8 0.7
2-JMS099.30 5/4/2010|M 2 23.6 8

2-JMS099.30 5/4/2010|M 3 23.5 7.9

2-JMS099.30 5/4/2010|M 4 23.5 7.9

2-JMS099.30 5/4/2010|M 5 23.3 7.9

2-JMS099.30 5/4/2010|M 6 23.3 7.9

2-JMS099.30 5/4/2010|M 7 23.3 7.8

2-JMS099.30 5/4/2010|M 8 23.3 7.8

2-JMS099.30 5/4/2010|B 9 23.3 7.8

2-JMS099.30 6/2/2010|S 1 275 7.5 0.5
2-JMS099.30 6/2/2010|M 2 271 7.5

2-JMS099.30 6/2/2010|M 3 26.8 7.4




Station ID Collection Date |Depth Desc |Depth |Temp Celcius |Field Ph |Do Probe Do Winkler |Fdt Do Optical |Salinity |Secchi Depth
2-JMS099.30 6/2/2010|M 4 26.8 7.3

2-JMS099.30 6/2/2010|M 5 26.8 7.3

2-JMS099.30 6/2/2010|M 6 26.8 7.3

2-JMS099.30 6/2/2010|M 7 26.7 7.3

2-JMS099.30 6/2/2010|B 8 26.6 7.3

2-JMS099.30 7/7/2010|S 1 33.7 8.1 8.6 0.9
2-JMS099.30 7/7/2010|M 2 32.9 7.9 8.1

2-JMS099.30 7/7/2010|M 3 32.5 7.6 7.6

2-JMS099.30 7/7/2010|M 4 30.8 7.4 6

2-JMS099.30 7/7/2010|M 5 30 7.3 5.6

2-JMS099.30 7/7/2010|M 6 29.6 7.3 5.3

2-JMS099.30 7/7/2010|M 7 29.5 7.3 5.4

2-JMS099.30 7/7/2010|M 8 29.5 7.3 5.4

2-JMS099.30 7/7/2010|M 9 29.5 7.3 5.4

2-JMS099.30 7/7/2010|B 10 29.4 7.3 5.4

2-JMS099.30 8/3/2010|S 1 29.9 7.5 6.2 0.9
2-JMS099.30 8/3/2010|M 2 29.7 7.5 5.9

2-JMS099.30 8/3/2010|M 3 29.7 7.5 5.8

2-JMS099.30 8/3/2010|M 4 29.7 7.5 5.8

2-JMS099.30 8/3/2010|M 5 29.7 7.5 5.8

2-JMS099.30 8/3/2010|M 6 29.7 7.5 5.8

2-JMS099.30 8/3/2010|M 7 29.7 7.5 5.7

2-JMS099.30 8/3/2010|M 8 29.7 7.5 5.6

2-JMS099.30 8/3/2010|B 9 29.6 7.5 5.6

2-JMS099.30 9/8/2010|S 1 29.2 8 7.4 0.7
2-JMS099.30 9/8/2010|M 2 28.9 7.7 6.7

2-JMS099.30 9/8/2010|M 3 28.8 7.7 6.5

2-JMS099.30 9/8/2010|M 4 28.8 7.7 6.4

2-JMS099.30 9/8/2010|M 5 28.8 7.7 6.6

2-JMS099.30 9/8/2010|M 6 28.8 7.7 6.6

2-JMS099.30 9/8/2010|M 7 28.8 7.7 6.7

2-JMS099.30 9/8/2010|M 8 28.8 7.7 6.7

2-JMS099.30 9/8/2010|M 9 28.9 7.8 6.7

2-JMS099.30 9/8/2010|B 10 28.9 7.8 6.7

2-JMS099.30 10/5/2010(S 1 18.5 7.7 9.2 0.6
2-JMS099.30 10/5/2010|M 2 18.4 7.7 9.2

2-JMS099.30 10/5/2010|M 3 18.4 7.7 9.1

2-JMS099.30 10/5/2010|M 4 18.4 7.7 9.1

2-JMS099.30 10/5/2010|M 5 18.4 7.7 9.1

2-JMS099.30 10/5/2010|M 6 18.4 7.7 9.1

2-JMS099.30 10/5/2010|M 7 18.4 7.7 9.1

2-JMS099.30 10/5/2010|M 8 18.4 7.7 9.1

2-JMS099.30 10/5/2010|M 9 18.4 7.8 9.1

2-JMS099.30 10/5/2010|M 10 18.3 7.8 9

2-JMS099.30 10/5/2010|B 11 18.3 7.7 9

2-JMS099.30 11/2/2010(S 1 16.1 7.7 9.8 0 1.4
2-JMS099.30 11/2/2010|M 2 16 7.7 9.8 0

2-JMS099.30 11/2/2010|M 3 15.9 7.7 9.8 0

2-JMS099.30 11/2/2010|M 4 15.9 7.7 9.9 0

2-JMS099.30 11/2/2010|M 5 15.8 7.7 10 0

2-JMS099.30 11/2/2010|M 6 15.8 7.7 10 0

2-JMS099.30 11/2/2010|M 7 15.8 7.7 10 0

2-JMS099.30 11/2/2010|M 8 15.8 7.7 10.2 0

2-JMS099.30 11/2/2010|M 9 15.7 7.7 10.4 0

2-JMS099.30 11/2/2010|M 10 15.7 7.7 10.5 0

2-JMS099.30 11/2/2010|M 11 15.7 7.7 10.5 0

2-JMS099.30 11/2/2010|B 12 15.7 7.8 10.5 0

2-JMS099.30 1/4/2011|S 1 3.7 7.6 13.3 1.8
2-JMS099.30 1/4/2011|M 2 3.7 7.6 13.4

2-JMS099.30 1/4/2011|M 3 3.6 7.6 13.4

2-JMS099.30 1/4/2011|M 4 3.6 7.6 13.4

2-JMS099.30 1/4/2011|M 5 3.6 7.6 13.4

2-JMS099.30 1/4/2011|M 6 3.6 7.6 13.4

2-JMS099.30 1/4/2011|M 7 3.6 7.6 13.4

2-JMS099.30 1/4/2011|M 8 3.6 7.6 13.5

2-JMS099.30 1/4/2011|M 9 3.6 7.6 13.5

2-JMS099.30 1/4/2011|M 10 3.6 7.6 13.5

2-JMS099.30 1/4/2011|B 11 3.6 7.6 13.5

2-JMS099.30 2/1/2011|S 1 3.8 7.4 12.8 1.3
2-JMS099.30 2/1/2011|M 2 3.7 7.4 12.8

2-JMS099.30 2/1/2011|M 3 3.7 7.4 12.8

2-JMS099.30 2/1/2011|M 4 3.7 7.4 12.8

2-JMS099.30 2/1/2011|M 5 3.7 7.4 12.8

2-JMS099.30 2/1/2011|M 6 3.7 7.4 12.8

2-JMS099.30 2/1/2011|M 7 3.7 7.4 12.9




Station ID Collection Date |Depth Desc |Depth |Temp Celcius |Field Ph |Do Probe Do Winkler |Fdt Do Optical |Salinity |Secchi Depth
2-JMS099.30 2/1/2011|M 8 3.7 7.4 12.8
2-JMS099.30 2/1/2011|M 9 3.7 7.3 12.8
2-JMS099.30 2/1/2011|B 10 3.7 7.3 12.9
2-JMS099.30 3/1/2011|S 1 10.8 7.4 10.6 1.2
2-JMS099.30 3/1/2011|M 2 10.7 7.4 10.7
2-JMS099.30 3/1/2011|M 3 10.4 7.4 10.6
2-JMS099.30 3/1/2011|M 4 10.1 7.4 10.5
2-JMS099.30 3/1/2011|M 5 10.1 7.4 10.6
2-JMS099.30 3/1/2011|M 6 10 7.3 10.5
2-JMS099.30 3/1/2011|M 7 10 7.3 10.5
2-JMS099.30 3/1/2011|M 8 10 7.3 10.6
2-JMS099.30 3/1/2011|M 9 10 7.3 10.6
2-JMS099.30 3/1/2011|M 10 10 7.3 10.6
2-JMS099.30 3/1/2011|B 11 10 7.2 10.6
2-JMS099.30 4/14/2011|S 1 16.3 7.6 9.7 1.3
2-JMS099.30 4/14/2011|M 2 16.3 7.6 9.7
2-JMS099.30 4/14/2011|M 3 16.4 7.6 9.7
2-JMS099.30 4/14/2011|M 4 16.4 7.6 9.8
2-JMS099.30 4/14/2011|M 5 16.4 7.6 9.8
2-JMS099.30 4/14/2011|M 6 16.4 7.6 9.8
2-JMS099.30 4/14/2011|M 7 16.3 7.6 9.8
2-JMS099.30 4/14/2011|B 8 16.2 7.6 9.7
2-JMS099.30 5/3/2011|S 1 19.2 7.4 9.5 0.1
2-JMS099.30 5/3/2011|M 2 19.1 7.4 9.5
2-JMS099.30 5/3/2011|M 3 18.8 7.4 9.5
2-JMS099.30 5/3/2011|M 4 18.6 7.3 9.6
2-JMS099.30 5/3/2011|M 5 18.6 7.3 9.6
2-JMS099.30 5/3/2011|M 6 18.6 7.3 9.5
2-JMS099.30 5/3/2011|M 7 18.6 7.4 9.6
2-JMS099.30 5/3/2011|M 8 18.6 7.4 9.6
2-JMS099.30 5/3/2011|M 9 18.6 7.4 9.6
2-JMS099.30 5/3/2011|B 10 18.6 7.4 9.6
2-JMS099.30 7/19/2011|S 1 30 7.7 71 0.5
2-JMS099.30 7/19/2011|M 2 29.9 7.6 6.6
2-JMS099.30 7/19/2011|M 3 29.8 7.6 6.3
2-JMS099.30 7/19/2011|M 4 29.7 7.5 6.1
2-JMS099.30 7/19/2011|M 5 29.6 7.5 5.8
2-JMS099.30 7/19/2011|M 6 29.6 7.5 5.7
2-JMS099.30 7/19/2011|M 7 29.6 7.5 5.8
2-JMS099.30 7/19/2011|M 8 29.6 7.5 5.9
2-JMS099.30 7/19/2011|M 9 29.6 7.5 5.9
2-JMS099.30 7/19/2011|M 10 29.6 7.5 5.9
2-JMS099.30 7/19/2011|B 11 29.6 7.5 5.7
2-JMS099.30 8/2/2011|S 1 32.8 7.6 5.7 0.9
2-JMS099.30 8/2/2011|M 2 32.5 7.5 5.4
2-JMS099.30 8/2/2011|M 3 32.3 7.5 5.2
2-JMS099.30 8/2/2011|M 4 32.2 7.5 4.8
2-JMS099.30 8/2/2011|M 5 32.1 7.5 4.7
2-JMS099.30 8/2/2011|M 6 32.1 7.5 4.7
2-JMS099.30 8/2/2011|M 7 32.1 7.5 4.7
2-JMS099.30 8/2/2011|M 8 32.1 7.5 4.7
2-JMS099.30 8/2/2011|B 9 32 7.5 4.5
2-JMS099.30 9/22/2011|S 1 231 7.7 7.9 1.2
2-JMS099.30 9/22/2011|M 2 22.9 7.7 7.9
2-JMS099.30 9/22/2011|M 3 22.8 7.7 7.8
2-JMS099.30 9/22/2011|M 4 225 7.7 7.7
2-JMS099.30 9/22/2011|M 5 22.4 7.6 7.7
2-JMS099.30 9/22/2011|M 6 22.3 7.6 7.6
2-JMS099.30 9/22/2011|M 7 22.3 7.6 7.6
2-JMS099.30 9/22/2011|M 8 223 7.6 7.6
2-JMS099.30 9/22/2011|M 9 22.3 7.6 7.5
2-JMS099.30 9/22/2011|M 10 22.3 7.6 7.5
2-JMS099.30 9/22/2011|B 11 22.3 7.6 7.5
2-JMS099.30 10/4/2011|S 1 21.3 7.6 7.2 1.2
2-JMS099.30 10/4/2011|M 2 213 7.6 7.2
2-JMS099.30 10/4/2011|M 3 21.3 7.6 7.2
2-JMS099.30 10/4/2011|M 4 21.3 7.6 7.2
2-JMS099.30 10/4/2011|M 5 21.3 7.6 7.2
2-JMS099.30 10/4/2011|M 6 21.3 7.6 71
2-JMS099.30 10/4/2011|M 7 21.3 7.6 7.2
2-JMS099.30 10/4/2011|M 8 21.2 7.6 7.2
2-JMS099.30 10/4/2011|M 9 21.2 7.6 7.2
2-JMS099.30 10/4/2011|B 10 21.2 7.6 7.2
2-JMS099.30 11/1/2011|S 1 12.8 7.6 10.6 1.1
2-JMS099.30 11/1/2011|M 2 12.7 7.6 10.6




Station ID Collection Date |Depth Desc |Depth |Temp Celcius |Field Ph |Do Probe Do Winkler |Fdt Do Optical |Salinity |Secchi Depth
2-JMS099.30 11/1/2011|M 3 12.7 7.6 10.6

2-JMS099.30 11/1/2011|M 4 12.6 7.5 10.6

2-JMS099.30 11/1/2011|M 5 12.5 7.5 10.6

2-JMS099.30 11/1/2011|M 6 12.5 7.5 10.7

2-JMS099.30 11/1/2011|M 7 12.5 7.5 10.7

2-JMS099.30 11/1/2011|M 8 12.5 7.5 10.7

2-JMS099.30 11/1/2011|B 9 12.5 7.5 10.7

90th Percentile 29.3 7.9

10th Percentile 5.9 71




00900

HARDNESS, TOTAL

(MG/L AS CACO3)
Sta Id Collection Date Time |Depth Desc |Depth|Container Id Desc|Value Com Code

2-JMS099.30 [06/18/1992 16:50 S 0.3 R 68
07/20/1992 15:30 S 0.3 R 82
09/01/1992 14:35 S 0.3 R 88
11/17/1992 14:48 S 0.3 R 62
12/15/1992 15:25 S 0.3 R 33
01/14/1993 14:50 S 0.3 R 46
02/09/1993 14:15 S 0.3 R 58
06/02/1993 13:30 S 0.3 R 0
08/18/1993 14:10 S 0.3 R 70
09/20/1993 14:15 S 0.3 R 98
10/05/1993 14:20 S 0.3 R 96
11/17/1993 14:00 S 0.3 R 94
12/02/1993 15:05 S 0.3 R 56
02/17/1994 15:35 S 1 R 42
03/21/1994 14:55 B 10 R 54
S 1 R 54

04/14/1994 15:20 S 1 R 53
05/23/1994 16:05 S 1 R 68
06/09/1994 15:15 S 1 R 72
09/08/1994 15:00 S 1 R 75
10/17/1994 15:45 S 1 R 87
11/30/1994 15:15 S 1 R 75
12/06/1994 15:55 S 1 R 75
01/25/1995 15:05 S 1 R 55
02/27/1995 15:05 S 1 R 60
03/23/1995 15:50 S 1 R 58
04/18/1995 15:30 S 1 R 67
05/23/1995 15:10 S 1 R 45
06/20/1995 15:40 S 1 R 59
07/18/1995 15:25 S 1 R 66
08/23/1995 16:00 S 1 R 90
09/21/1995 14:45 S 1 R 115
10/19/1995 15:25 S 1 R 74
11/20/1995 15:35 S 1 R 73
12/14/1995 16:00 S 1 R 48
01/29/1996 15:30 S 1 R 28
02/20/1996 15:10 S 1 R 56
03/25/1996 15:10 S 1 R 60
04/29/1996 11:20 S 1 R 61
05/15/1996 14:35 S 1 R 56
06/18/1996 14:50 S 1 R 50
07/23/1996 15:35 S 1 R 70
08/20/1996 14:50 S 1 R 89
09/24/1996 14:55 S 1 R 64
10/22/1996 14:30 S 1 R 51
11/19/1996 15:15 S 1 R 61
12/10/1996 15:25 S 1 R 41
02/18/1997 15:50 S 1 R 43.3
03/18/1997 15:20 S 1 R 54
04/22/1997 15:25 S 1 R 79.9
05/28/1997 16:00 S 1 R 62.2




00900

HARDNESS, TOTAL

(MG/L AS CACO3)
Sta Id Collection Date Time |Depth Desc |Depth|Container Id Desc|Value Com Code
06/24/1997 15:30 S 1 R 66.1
07/15/1997 15:30 S 1 R 79.4
08/19/1997 15:10 S 1 R 62.6
09/23/1997 15:05 S 1 R 75.7
10/21/1997 15:00 S 1 R 79.1
11/18/1997 15:15 S 1 R 68.3
12/10/1997 15:45 S 1 R 74.3
01/21/1998 15:45 S 1 R 46.8
02/18/1998 15:00 S 1 R 40.8
03/17/1998 15:30 S 1 R 44 1
04/21/1998 15:20 S 1 R 35.1
05/19/1998 15:25 S 1 R 47 1
06/23/1998 16:05 S 1 R 64.4
07/21/1998 15:15 S 1 R 69.6
08/18/1998 15:25 S 1 R 77.5
09/22/1998 17:30 S 1 R 89.3
10/20/1998 16:30 S 1 R 126
11/18/1998 15:15 S 1 R 102
12/15/1998 15:30 S 1 R 90
01/19/1999 15:20 S 1 R 76
02/23/1999 15:10 S 1 R 60
03/23/1999 15:30 S 1 R 68
04/20/1999 16:35 S 1 R 84
05/20/1999 15:20 S 1 R 60
06/22/1999 15:15 S 1 R 80.1
07/20/1999 16:15 S 1 R 96
08/17/1999 16:00 S 1 R 109
09/21/1999 16:20 S 1 R 40.9
10/28/1999 15:10 S 1 R 74.6
11/18/1999 15:27 S 1 R 62.7
12/21/1999 15:05 S 1 R 54.1
01/18/2000 16:15 S 1 S1 55.8
02/23/2000 14:15 S 1 R 54
03/28/2000 15:30 S 1 S1 43
04/24/2000 15:55 S 1 R 40
05/23/2000 17:20 S 1 R 57
06/20/2000 16:05 S 1 R 65.6
07/18/2000 16:35 S 1 R 76
08/22/2000 15:20 S 1 R 76.4
09/26/2000 16:20 S 1 R 65.1
10/24/2000 15:20 S 1 R 86.9
11/28/2000 16:50 S 1 R 123
01/23/2001 14:00 S 1 R 47.8
02/20/2001 13:20 S 1 R 58.9
03/27/2001 15:00 S 1 R 25.1
04/24/2001 13:50 S 1 R 47.2
06/19/2001 14:30 S 1 R 30.9
07/24/2001 14:40 S 1 R 77.8
08/21/2001 15:20 S 1 R 62.6
09/18/2001 16:20 S 1 R 28.3
10/16/2001 15:00 S 1 S1 200.6




00900

HARDNESS, TOTAL

(MG/L AS CACO3)
Sta Id Collection Date Time |Depth Desc |Depth|Container Id Desc|Value Com Code
11/27/2001 15:30 S 1 R 132
12/12/2001 14:50 S 1 R 137
01/22/2002 15:25 S 1 R 78.8
02/19/2002 15:15 S 1 R 54
03/19/2002 15:30 S 1 R 37.3
04/16/2002 15:40 S 1 R 57.9
05/30/2002 16:20 S 1 R 68
06/25/2002 15:20 S 1 R 94.2
07/23/2002 15:00 S 1 R 124
08/13/2002 15:40 S 1 R 151
09/24/2002 15:40 S 1 R 95.5
10/22/2002 15:50 S 1 R 121
11/19/2002 16:10 S 1 R 30.5
12/10/2002 15:15 S 1 R 34.8
01/21/2003 15:45 S 1 R 67.9
02/25/2003 11:13 S 1 R 51.3
03/18/2003 15:40 S 1 R 48.8
04/15/2003 17:00 S 1 R 47
05/27/2003 14:19 S 1 R 43.8
06/24/2003 14:50 S 1 R 58.7
07/15/2003 15:00 S 1 R 48.8
08/26/2003 16:00 S 1 R 52.8
09/24/2003 15:37 S 1 R 24.9
10/28/2003 15:30 S 1 R 72.8
11/18/2003 15:00 S 1 R 50
12/16/2003 15:00 S 1 R 42
02/25/2004 15:00 S 1 R 56.4
03/23/2004 15:20 S 1 R 62.9
04/20/2004 14:40 S 1 R 51
05/18/2004 15:00 S 1 R 60
06/15/2004 15:00 S 1 R 51
07/20/2004 14:45 S 1 R 66.9
08/17/2004 15:00 S 1 R 45.5
09/21/2004 14:45 S 1 R 47.8
10/19/2004 14:20 S 1 R 36
11/16/2004 14:45 S 1 R 43
12/14/2004 15:25 S 1 R 57
01/26/2005 15:00 S 1 R 56
02/15/2005 14:40 S 1 R 72
03/22/2005 15:15 S 1 R 60
04/19/2005 15:40 S 1 R 54.7
05/24/2005 14:45 S 1 R 46
06/21/2005 14:50 S 1 R 74
07/19/2005 15:00 S 1 R 76
08/23/2005 15:30 S 1 R 74
09/20/2005 15:00 S 1 R 114
10/18/2005 15:20 S 1 R 56
11/15/2005 14:30 S 1 R 94
12/21/2005 15:00 S 1 R 53
01/17/2006 14:45 S 1 S1 69
02/21/2006 15:10 S 1 R 59




00900 |
HARDNESS, TOTAL
(MG/L AS CACO3)
Sta Id Collection Date Time |Depth Desc |Depth|Container Id Desc|Value Com Code
03/20/2006 15:15 S 1 R 72
04/26/2006 15:00 S 1 R 52
05/15/2006 15:00 S 1 R 62
07/24/2006 14:25 S 1 R 78
08/22/2006 15:00 S 1 R 88
10/30/2006 15:10 S 1 R 52
11/15/2006 14:30 S 1 R 38
01/24/2007 14:45 S 1 R 58
Average 66




2010 Fact Sheets for 303(d) Waters

RIVER BASIN: James River Basin HYDROLOGIC UNIT: 02080206
STREAM NAME: James River

TMDL ID: GO01E-01-BAC 2010 IMPAIRED AREA ID: CB-JMSTFU
ASSESSMENT CATEGORY: 5A TMDL DUE DATE: 2010

IMPAIRED SIZE: 6.2581 - Sq. Mi. Watershed: VAP-GO1E

INITIAL LISTING: 1996

UPSTREAM LIMIT: Fall Line (Mayos Bridge)

DOWNSTREAM LIMIT: Appomattox River

Estuarine James River from the fall line at Mayos Bridge downstream to the Appomattox River.

CLEAN WATER ACT GOAL AND USE SUPPORT:

Recreation Use - Not Supporting

IMPAIRMENT:  E.coli

The James River from the fall line to the Appomattox River has been assessed as not supporting of the Recreation use support goal
based on the results of a summer special study in the fall zone. The special study was designed to monitor the effects of summertime rain
and combined sewer overflow (CSO) events on water quality in the James River and to monitor the effects of Richmond's CSO
abatement efforts.

The segment has been included on the Impaired Waters list for fecal coliform since 1996. During the 2004 and 2006 cycles, the bacteria
standard changed to E.coli for those stations with enough data. Some of the areas in this segment had converted to the E.coli standard,
for others the fecal coliform standard was still in effect. During the 2008 cycle, the impairment was converted solely to E. coli. The TMDL
for bacteria is due in 2010.

Bacteria impairment is noted at the following stations during the 2010 cycle:
2-JMS110.30
2-JMS104.16
2-JMS099.30

Although station 2-JMS087.01 is currently passing (5/50), the downstream extent will remain the same for this cycle due to the historical
impairment and the marginal passing rate.

Farrar Gut was mistakenly combined with the mainstem in previous assessments. The stream is a separate waterbody and should not be
included in the bacterial impairment, which only included the "estuarine James River".

IMPAIRMENT SOURCE: NPS - Urban, CSO

The source of the impairment in this section of the river is believed to be urban runoff from the tributary drainage basin and from combined
sewer overflow events from the City of Richmond's combined sewer system.

The City is currently undertaking CSO abatement efforts. It is recommended that the ongoing CSO special study be continued to gauge the
effects of CSO abatement efforts on water quality in this segment.

RECOMMENDATION: Problem Characterization
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2010 Fact Sheets for 303(d) Waters

RIVER BASIN: James River Basin HYDROLOGIC UNIT: 02080206
STREAM NAME: James River

TMDL ID: GO01E-02-CHLA 2010 IMPAIRED AREA ID: CB-JMSTFU
ASSESSMENT CATEGORY: 5A TMDL DUE DATE: 2010

IMPAIRED SIZE: 5.5117 - Sqg. Mi. Watershed: VAP-GO1E

INITIAL LISTING: 2008

UPSTREAM LIMIT: Fall Line (Mayos Bridge)

DOWNSTREAM LIMIT: Appomattox River

Mainstem James River from the fall line at Mayos Bridge downstream to the JMSTFu/JMSTFI boundary at the Appomattox River.

CLEAN WATER ACT GOAL AND USE SUPPORT:

Aquatic Life Use - Not Supporting, Open Water Subuse - Not Supporting

IMPAIRMENT: Chlorophyll
The James River from the Appomattox River to the Chickahominy River was originally listed on the 1998 list as fully supporting but

threatened of the Aquatic Life Use goal based on chlorophyll_a exceedances. During the 1998 cycle, EPA extended the segment
upstream to the fall line and downgraded the river to not supporting the Aquatic Life Use, citing nutrient concerns.

In previous cycles, the mainstem James River had acceptable dissolved oxygen levels. In addition the entire tidal freshwater portion (fall
line to just above the Chickahominy River) has good benthic community based on the results from the Chesapeake Bay Benthic Index of
Biological Community; therefore the James River from the fall line to the oligohaline boundary was considered impaired solely for
Nutrients/Eutrophication Biological Indicators (EPA Overlist).

A special site-specific chlorophyll standard for the mainstem James River was adopted during the 2008 cycle. The upper tidal freshwater
segment exceeds both the spring and summer seasonal means.

Farrar Gut was mistakenly combined with the mainstem in previous assessments. The stream is a separate waterbody and should not be
included in the chlorophyll a impairment, which only includes the mainstem James River.

IMPAIRMENT SOURCE: Point sources, Nonpoint Sources

The James River Tributary Strategy was developed to bring the river into attainment.

RECOMMENDATION: Problem Characterization
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RIVER BASIN: James River Basin HYDROLOGIC UNIT: 02080206
STREAM NAME: James River and Various Tributaries

TMDLID: G01E-03-PCB 2010 IMPAIRED AREA ID: CB-JMSTFU
ASSESSMENT CATEGORY: 5A TMDL DUE DATE: 2014

IMPAIRED SIZE: ~325 - Stream mile Watershed: VAP-GO1E

INITIAL LISTING: 2002

UPSTREAM LIMIT: Fall line

DOWNSTREAM LIMIT: Hampton Roads Bridge Tunnel

Estuarine James River from the fall line to the Hampton Roads Bridge Tunnel, including several tributaries listed below.

CLEAN WATER ACT GOAL AND USE SUPPORT:

Fish Consumption Use - Not Supporting

IMPAIRMENT: Fish Tissue - PCBs, VDH Fish Consumption Restriction

During the 2002 cycle, the James River from the Fall line to Queens Creek was considered not supporting of the Fish Consumption Use
due to PCBs in multiple fish species at multiple DEQ monitoring locations.

During the 2004 cycle, a VDH Fish Consumption Restriction was issued from the fall line to Flowerdew Hundred and the segment was
adjusted slightly to match the Restriction. In addition, in the 2004 cycle, the Chickahominy River from Walkers Dam to Diascund Creek was
assessed as not supporting the Fish Consumption Use because the DEQ screening value for PCBs was exceeded in 3 species during
sampling in 2001.

During the 2006 cycle, the VDH restriction was extended on 12/13/2004 to extend from the [-95 bridge downstream to the Hampton Roads
Bridge Tunnel and include the tidal portions of the following tributaries:

Appomattox River up to Lake Chesdin Dam

Bailey Creek up to Route 630

Bailey Bay

Chickahominy River up to Walkers Dam

Skiffes Creek up to Skiffes Creek Dam

Pagan River and its tributary Jones Creek

Chuckatuck Creek

Nansemond River and its tributaries Bennett Creek and Star Creek
Hampton River

Willoughby Bay and the Elizabeth R. system (Western, Eastern, and Southern Branches and Lafayette R.) and tributaries St. Julian Creek,
Deep Creek, and Broad Creek

The advisory was modified again on 10/10/2006 to add Poythress Run.
The impairments were combined. The TMDL for the lower extended portion is due in 2018.

Farrar Gut was mistakenly combined with the mainstem in previous assessments. The stream is a separate waterbody and is not
included in the VDH Fish Consumption Advisory.

IMPAIRMENT SOURCE: Unknown

The source of the PCBs is considered unknown.
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RIVER BASIN: James River Basin HYDROLOGIC UNIT: 02080206
STREAM NAME: James River Tidal Freshwater (Upper) Estuary

TMDLID: JMSTFU-DO-BAY 2010 IMPAIRED AREA ID: CB-JMSTFU
ASSESSMENT CATEGORY: 5A TMDL DUE DATE: 2010

IMPAIRED SIZE: 6.5749 - Sqg. Mi. Watershed: VAP-GO1E

INITIAL LISTING: 1998

UPSTREAM LIMIT: Fall line

DOWNSTREAM LIMIT: Tidal Freshwater/Oligohaline Boundary

The James River Tidal Freshwater Upper estuary, which extends from the fall line to approximately the Appomattox River, including
tributaries.

CLEAN WATER ACT GOAL AND USE SUPPORT:

Aquatic Life Use - Not Supporting

IMPAIRMENT: Dissolved Oxygen

The mainstem James River from the Appomattox River to the Chickahominy River was originally listed on the 1998 list as fully supporting
but threatened of the Aquatic Life Use goal based on chlorophyll_a exceedances. During the 1998 cycle, EPA extended the segment

upstream to the fall line and downgraded the river to not supporting the Aquatic Life Use, citing nutrient concerns.
In previous cycles, the mainstem James River had acceptable dissolved oxygen levels. In addition the entire tidal freshwater portion (fall
line to just above the Chickahominy River) has good benthic community based on the results from the Chesapeake Bay Benthic Index of

Biological Community; therefore the James River from the fall line to the oligohaline boundary was considered impaired solely for
Nutrients/Eutrophication Biological Indicators (EPA Overlist).

The CB water quality standards were implemented during the 2006 cycle. The 30-day dissolved oxygen criteria was met during the 2006

and 2008 cycles; however, during the 2010 cycle, the segment failed the summer 30-day Open Water dissolved oxygen criteria. The rest-
of-year standard was met.

IMPAIRMENT SOURCE: Nonpoint Source, Point Source

The tributary strategy for the James River assigned sources and allocations.

RECOMMENDATION: Problem Characterization
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RIVER BASIN: James River Basin HYDROLOGIC UNIT: 02080206
STREAM NAME: James River Tidal Freshwater (Upper) Estuary

TMDLID: JMSTFU-SAV-BAY 2010 IMPAIRED AREA ID: CB-JMSTFU
ASSESSMENT CATEGORY: 5A TMDL DUE DATE: 2010

IMPAIRED SIZE: 6.5998 - Sqg. Mi. Watershed: VAP-GO1E

INITIAL LISTING: 1998

UPSTREAM LIMIT: Fall line

DOWNSTREAM LIMIT: Tidal Freshwater/Oligohaline Boundary

The James River Tidal Freshwater Upper estuary, which extends from the fall line to approximately the Appomattox River, including
tributaries.

CLEAN WATER ACT GOAL AND USE SUPPORT:

Aquatic Life Use - Not Supporting, Shallow Water Use - Not Supporting

IMPAIRMENT: Aquatic Macrophytes

The mainstem James River from the Appomattox River to the Chickahominy River was originally listed on the 1998 list as fully supporting
but threatened of the Aquatic Life Use goal based on chlorophyll_a exceedances. During the 1998 cycle, EPA extended the segment

upstream to the fall line and downgraded the river to not supporting the Aquatic Life Use, citing nutrient concerns.

In previous cycles, the mainstem James River had acceptable dissolved oxygen levels. In addition the entire tidal freshwater portion (fall
line to just above the Chickahominy River) has good benthic community based on the results from the Chesapeake Bay Benthic Index of
Biological Community; therefore the James River from the fall line to the oligohaline boundary was considered impaired solely for
Nutrients/Eutrophication Biological Indicators (EPA Overlist).

During the 2006 cycle, the CB water quality standards were implemented. The Upper Tidal Freshwater James River from the fall line to
the Appomattox fails the Shallow Water Use SAV criteria.

IMPAIRMENT SOURCE: Nonpoint Source, Point Source

The tributary strategy for the James River assigned sources and allocations.

RECOMMENDATION: Problem Characterization
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Fact Sheet
Dominion — Chesterfield Power Station
Attachments

Attachment 4

Effluent Characterization



Facility Name: Virginia Power-Chesterfield
Permit No:VA0004146

DMR DATA

Outfall 001 Outfall 002
TEMP | HEAT | TP TEMP [HEAT] TP
FLOWMGD) | “opy | gTUimn | (moi) FLOWMGD) | oy |@TUN| (Mg
omome | G [ e [ o | [T [ e [ o
/1012008 208 | 212 | 1L | 77 01 /1012008 73 | 8o | 127 | 529 | o1t
10/10/2008 205 | 212 | 100 | 77 | o007 10102008 | 66 | 8o | 123 | 54 | o007
11/10/2008 160 | 212 | 103 | 78 | o007 111002008 | s6 | 89 | 103 | 504 | 008
12/10/2008 189 | 212 | 6 78 | oo7 121002008 | 86 | 89 | 126 | 519 | 007
1/10/2009 180 | 212 | 74 78 | oos 1/10/2009 g8 | 8o | 107 | 5.03 | <qL
2/10/2009 a1 | 212 | e7 78 | oos 2/10/2009 g2 | 8o | 94 | 502 <L
3/10/2009 1o | 22 | 77 78 | <aL 3/10/2009 75 | 8o | 104 | 404 | <qL
411012009 142 | 150 | 7 76 | <aL 411012009 8o | 8o | 100 | 4904 | <qL
5/10/2009 104 | 150 | o3 7 0.06 5/10/2009 78 | 8o | 101 | 498 | 006
6/10/2009 13 | 159 | 100 | 76 | o006 6/10/2009 86 | 8o | 103 | 501 | 0.06
711012009 103 | 212 | 124 | 77 | oo5 711012009 g8 | 8o | 116 | 523 | <qL
8/10/2009 203 | 212 | 108 | 78 | 006 8/10/2009 83 | 8o | 117 | 519 | 0.06
9/10/2009 205 | 212 | 118 | 78 | o007 9/10/2009 83 | 8o | 122 | 53 | 007
10/10/2009 210 | 212 | 100 | 79 | o006 1001002009 | 54 | 89 | 120 | 518 | 006
11/10/2009 182 | 212 | o8 78 | oos 111002000 | 74 | 89 | 100 | 532 | 006
12/10/2009 126 | 150 | 73 41 | <L 121002000 | 76 | 8o | 92 | 503 | <oL
1/10/2010 1o | 212 | &7 78 | oos 1/10/2010 g2 | 8o | 97 | 503|005
2/10/2010 200 | 212 | 2 79 | <aL 2/10/2010 78 | 80 | 122] 5 |<aL
3/10/2010 207 | 212 | s g1 | <aL 3/10/2010 46 | 8o | 105 | 497 | 005
4/10/2010 93 159 | 77 55 | <aL 4/10/2010 30 | 45 | 117 | 534 | <qL
5/10/2010 145 | 150 | 8o 4 <qL 5/10/2010 4 | 45 | 80 | 207 | <qL
6/10/2010 141 | 212 | 100 | 79 | <qu 6/10/2010 45 | 8o | 120 | 518 | <L
711012010 187 | 212 | 12 | 78 | <qu 711012010 86 | 8o | 119 | 527 | <qL
8/10/2010 205 | 212 | 11 | 77 | oo0e 8/10/2010 8o | 8o | 121 | 525 | 0.05
9/10/2010 200 | 212 | 12 | 78 | o032 9/10/2010 g2 | 8o | 116 | 524 | 0.38
10/10/2010 207 | 212 | w07 | 77 | <@ 10102000 | s1 | 89 | 114 | 515 | 005
11/10/2010 136 | 212 | 127 | 74 | <qu 1oro0 | 28 | a5 | 79 | o | <qL
12/10/2010 1s | 212 | 78 73 | <aL 121002010 | 46 | 8o | 79 | 481 | <oL
111012011 210 | 212 | 8 72 | <aL 111012011 87 | 8o | 106 | 5.46 | <qL
2/10/2011 206 | 212 | et 77 | <aL 2/10/2011 85 | 8o | 8 | 52 | <L
3/10/2011 22 | 212 | 2 76 | <aL 3/10/2011 s6 | so | 71 | 512 <qL
41012011 184 | 212 | 96 74 | <aL 41012011 12 | a5 | e0 | 207 | <aL
5/10/2011 146 | 212 | o 72 | <aL 5/10/2011 20 | 89 | 98 | 511 <aL
6/10/2011 141 | 212 | 100 | 76 | o000 6/10/2011 50 | so | 110 | 515 | 0.00
711012011 190 | 212 | 105 | 75 | o006 711012011 77 | 8o | 124 | 538 | 042
8/10/2011 204 | 212 | 14 | 71 01 8/10/2011 75 | 8o | 121 | 535 | 007
9/10/2011 197 | 212 | 113 | 74 | oat 9/10/2011 60 | so | 121 | 521 | 011
10/10/2011 168 | 212 | 104 | 75 | o009 100102011 | 52 | 8o | 90 | 203 | 006
Average: | 176.6842 203.63| 94.7368| 7.38947] 0.08805 Average. | 66.632 84.368| 105.92] 4.7758| 0.102
ooth Percentile: | 2003 212] 1133]  7s3 01 ooth Percentile: | 873 89| 122.3] 5.343| 0137
10th Percentile: 1316 59| 715|707l oos 10th Percentile: | 397 75.8]  70.7| 3.988] 0.5
Max 22 212 17 g1 om2 Max go 89| 120] s46| 0.42

90th Percentile (° Celsius): 50.2




Outfall 003 Outfall 004
TEMP HEAT TP DO TPH TOC TP
FLOW (MGD) o |erom| men Fow vep) | pH(suy | oL A"(":]"SE‘)'A Tss o) [ ey
N R S S e e e e e el
9/10/2008 755 757 | 125 | 518 0.1 9/10/2008 941 | 1121] 75 | 75 | 58 065 | 078 | 7.3 | 75| 21]<qL
10/10/2008 665 757 | 125 | 524 | o006 101102008 | 9.97 | 1317 | 7 71 | 63 081 | 115 | 106 | 137] 18] o0.06
11/10/2008 587 700 | 1112 | 451 | o009 111102008 | 773 | 881 | 68 7 7 066 | 0.79 | 59 | 78 2|<qL
12/10/2008 595 757 | 16 | 371 | o009 121102008 | 771 | 856 | 76 | 77 | 88 101 | 122 92| 97 34f<qL
1/10/2009 729 w7 | w7 517 | o007 1/10/2009 961 | 1380 75 | 76 | 115 174 | 185 | 12.8| 134] 28| o0.06
2/10/2009 756 757 | 105 | 516 | <qU 2/10/2009 992 | 1133 7 71 | 107 | <ou| 19 [228] 64| 73] 12]<qL
3/10/2009 757 757 | 108 | s5.09 <QL 3/10/2009 974 | 1025 | 68 | 7.4 | 116 2 | 276| 48| 53] 22]<qL
4/10/2009 567 757 90 5.2 <QL 4/10/2009 93 | 1174| 73 | 76 | 116 095 | 144 | 96 | 108] 14)<qL
5/10/2009 745 757 | 126 | 521 <QL 5/10/2009 965 | 1050 73 | 74 | 04 020 | 035| 63| 74 11| o.08
6/10/2009 716 757 | 126 | 526 | o006 6/10/2009 953 | 1174 73 | 76 | 79 02 |o20) 72| 76| 31| om
7/10/2009 729 757 | 128 | 533 | <aqu 7/10/2009 913 | 1095 | 7.6 s | 76 006 | 017 | 65 71 23] o000
8/10/2009 733 757 | 125 53 0.05 8/10/2009 949 | 1133 82 | 86 | 82 013 | 017 | 69 | 76| 26| o0.09
9/10/2009 749 757 | 125 | 533 | o007 9/10/2009 964 | 1025 81 | 83 | 65 01 |013] 52| s5 22| o007
10/10/2009 716 757 | 128 | 531 | o006 10/10/2009 91 | 1005| 8 81 | 65 017 |o2s| 7 | 77 5| ©.08
11/10/2009 648 757 | 120 | 523 | o0s 117102000 | 9556 | 11.33| 7.8 s | 79 016 | 02 |103| 104 31| o.08
12/10/2009 702 757 | 124 | 521 <QL 1211002009 | 1054 | 17.33| 72 | 76 | 85 027 | 020 | 93| 95| 06| o0.09
1/10/2010 733 757 | 125 | 515 | <qu 1102000 | 1157|1575 66 | 68 | 10 04 |oas|63| 71 11| o4
2/10/2010 708 757 | 115 | 519 <QL ono2000 | 1039 | 137 | 63 | 72 | 13 | <o | 068 | 077 | 68| 68 33|<oL
3/10/2010 652 757 | 118 | 514 | o005 3102010 | 1074 | 1374 | 68 | 7.1 | 125 05 |oso| 55| 78 o07]<aL
4/10/2010 690 700 | 127 5.17 <QL 4/10/2010 976 | 1436 | 7 75 | 1 050 | 064 | 46 | 54 24| o013
5/10/2010 656 700 | 123 | 522 <QL 5/10/2010 915 | 1025 71 | 72 | 87 054 | 06 | 54| 56 2| o.0s
6/10/2010 643 699 | 127 5.2 <QL 6/10/2010 926 | 1133 7.7 | 79 | 82 055 | 063 | 87 | 134] 13]<qL
7/10/2010 750 w7 | 13 5.27 <QL 711012010 | 1005 | 1095 | 66 | 69 | 7.1 171 | 185 ] 23 3]  os|<qL
8/10/2010 748 757 | 120 531 | 0.06 8/10/2010 984 | 1025| 8 81 | 7.3 083 | 1.04| 43| 471 19| o1
9/10/2010 737 737 | 123 | 531 | o0s 9/10/2010 967 | 1133 760 [ 801 | & 082 | 117 | 28 | 31 28] o016
10/10/2010 511 699 | 121 525 | <qL 1011072010 | 741 | 1523 77 | 83 | s 033 | 093| 36| 38 35| o000
11/10/2010 267 325 | 104 | 211 <QL 11102010 | 6.03 | 993 | 76 | 79 | 89 043 | 076 | 79 | 12| 24| o.08
12/10/2010 104 403 | 103 | 163 | <qu 121102010 | 479 | 628 | 71 | 7.4 | 105 017 | 023 | 7.7 | 78 3l<qL
1/10/2011 429 757 | 104 | 506 | <qU 1/10/2011 874 | 1316 | 72 | 7.4 | 114 015 | 08 | 96 | 11.6]  3.4)<qL
2/10/2011 736 757 97 5.29 <QL 2/10/2011 153 | 1988 71 | 76 | 127 <ou | 072 | 1 | 74| 78 19| o007
3/10/2011 533 547 | 110 516 | <qL 3102011 | 1055 | 173 | 7 71 | 113 187 | 219 | 81 | s3] 29f<oL
4/10/2011 520 547 | 121 394 | <qL 4/10/2011 847 | 1265 76 | 76 | 102 172 | 206 | 201 | 356]  35)<qL
5/10/2011 510 757 | 113 | 392 <QL 5/10/2011 855 | 1436 | 7.3 | 75 | 100 204 | 220 | 138 | 206  2.8]<qL
6/10/2011 696 w57 | 12 546 | 0.3 61012011 | 1047 | 1427 | 75 | 75 | 74 16 | 213 | 95 | 106] 35| o007
7/10/2011 743 757 | 128 | 552 | o006 7/10/2011 126 | 1893 69 | 76 | 63 163 | 197 | 24 | 24] 12)<qL
8/10/2011 727 757 | 128 | 545 | o005 8/10/2011 | 12.84 | 1988 | 7 7| 7 128 | 167 | 46 | 49] 12| o005
9/10/2011 637 652 | 128 | 482 | o007 0102011 | 1238 | 2197 | 76 | 77 | 58 162 | 169 41| 52| 25| o016
10/10/2011 710 757 | 121 | 531 | o007 10/10/2011 | 13.06 | 2080 | 62 | 67 | 57 132 [ 158 | 64 | 902] s9fkaL
Average: 647.0789| 714.42] 118.921] 4.92047] 0.07222 Average: | 9.7803| 13.153] 7.2787] 7.5608] 8.782]Na  [0.8579 1.083] 7.29] 8.81] 2.3842] 0.1057
90th Percentile: 7493|757 128  533] 0003 90th Percentile: |12.446| 19.215] 7.86] 81| 11.6[NA 1.779| 2.148| 104] 134] 35| o0.16
10th Percentile: 511] 6205 104] 3934] o005 10th Percentile: | 7.724| 10154 674 71 6INA 0457 0.221| 3.95] 443] 11| o006
Max 7571 757 131] 552 o013 Max 153| 2197 82| 86| 13|Nna 2.04| 276| 201] 356] 59| 042
90th Percentile (° Celsius): 53.3




Outfall 104

FLOW (MGD) pH (S.U.)
Due Date QU || Qe Min Max
Avg Max
9/10/2008 NULL NULL | NULL NULL
10/10/2008 NULL NULL | NULL NULL
11/10/2008 0.16 0.16 9.2 9.2
12/10/2008 0.16 0.16 9.3 9.3
1/10/2009 0.16 0.16 9.4 9.4
2/10/2009 0.16 0.16 9.5 9.5
3/10/2009 0.19 0.31 9.5 9.5
4/10/2009 1 1.7 8.9 10.2
5/10/2009 NULL NULL | NULL NULL
6/10/2009 NULL NULL | NULL NULL
7/10/2009 NULL NULL | NULL NULL
8/10/2009 NULL NULL | NULL NULL
9/10/2009 NULL NULL | NULL NULL
10/10/2009 NULL NULL | NULL NULL
11/10/2009 NULL NULL | NULL NULL
12/10/2009 NULL NULL | NULL NULL
1/10/2010 NULL NULL | NULL NULL
2/10/2010 NULL NULL | NULL NULL
3/10/2010 NULL NULL | NULL NULL
4/10/2010 NULL NULL | NULL NULL
5/10/2010 1.29 1.29 10.6 10.6
6/10/2010 NULL NULL | NULL NULL
7/10/2010 NULL NULL | NULL NULL
8/10/2010 NULL NULL | NULL NULL
9/10/2010 NULL NULL | NULL NULL
10/10/2010 NULL NULL | NULL NULL
11/10/2010 1.75 1.75 8.8 8.8
12/10/2010 0.55 0.55 10.6 10.6
1/10/2011 NULL NULL | NULL NULL
2/10/2011 0.55 0.55 10.4 10.4
3/10/2011 1.7 1.7 11.4 11.4
4/10/2011 NULL NULL | NULL NULL
5/10/2011 0.55 0.55 11.3 11.3
6/10/2011 3.2 3.2 11.6 11.6
7/10/2011 NULL NULL | NULL NULL
8/10/2011 NULL NULL | NULL NULL
9/10/2011 NULL NULL | NULL NULL
10/10/2011 3.23 3.23 9.4 10.4
Average: 1.046429( 1.105| 9.99286| 10.1571
90th Percentile: 2.765| 2.765 11.37 11.37
10th Percentile: 0.16 0.16 8.99 9.23
Max 3.23 3.23 11.6 11.6

Outfall 005

AMMONIA

FLOW (MGD) pH (S.U.) (kg/d)
i uant [ Quant
Due Date Q::;t QMu::“ Min Max QAvg QMax
9/10/2008 NULL | NULL | NULL | NULL JNULL |NULL
10/10/2008 NULL | NULL | NULL | NULL JNULL |NULL
11/10/2008 NULL | NULL | NULL | NULL JNULL |NULL
12/10/2008 NULL | NULL | NULL | NULL JNULL |NULL
1/10/2009 NULL | NULL | NULL | NULL JNULL |NULL
2/10/2009 224 | 4.05 7.8 8.1 [<QL [<QL
3/10/2009 NULL | NULL | NULL | NULL JNULL |NULL
4/10/2009 NULL | NULL | NULL | NULL JNULL |NULL
5/10/2009 NULL | NULL | NULL | NULL JNULL |NULL
6/10/2009 NULL | NULL | NULL | NULL JNULL |NULL
7/10/2009 NULL | NULL | NULL | NULL JNULL |NULL
8/10/2009 NULL | NULL | NULL | NULL JNULL |NULL
9/10/2009 NULL | NULL § NULL | NULL JNULL |NULL
10/10/2009 NULL | NULL | NULL | NULL JNULL |NULL
11/10/2009 NULL | NULL | NULL | NULL JNULL |NULL
12/10/2009 NULL | NULL | NULL | NULL JNULL |NULL
1/10/2010 NULL | NULL | NULL | NULL JNULL |NULL
2/10/2010 2.77 5.25 8 8 [<QL [<QL
3/10/2010 NULL | NULL | NULL | NULL JNULL |NULL
4/10/2010 2.01 5.96 7.8 7.8 J<QL [<QL
5/10/2010 NULL | NULL | NULL | NULL JNULL |NULL
6/10/2010 NULL | NULL | NULL | NULL JNULL |NULL
7/10/2010 NULL | NULL | NULL | NULL JNULL |NULL
8/10/2010 NULL | NULL | NULL | NULL JNULL |NULL
9/10/2010 NULL | NULL | NULL | NULL JNULL |NULL
10/10/2010 NULL | NULL | NULL | NULL JNULL |NULL
11/10/2010 NULL | NULL | NULL | NULL JNULL |NULL
12/10/2010 NULL | NULL | NULL | NULL JNULL |NULL
1/10/2011 NULL | NULL | NULL | NULL JNULL |NULL
2/10/2011 1.68 | 4.05 7.6 7.8 0.77| 0.77
3/10/2011 NULL | NULL | NULL | NULL JNULL |NULL
4/10/2011 NULL | NULL | NULL | NULL JNULL |NULL
5/10/2011 NULL | NULL | NULL | NULL JNULL |NULL
6/10/2011 NULL | NULL § NULL | NULL JNULL |NULL
7/10/2011 NULL | NULL | NULL | NULL JNULL |NULL
8/10/2011 NULL | NULL | NULL | NULL JNULL |NULL
9/10/2011 NULL | NULL | NULL | NULL JNULL |NULL
10/10/2011 NULL | NULL | NULL | NULL JNULL |NULL
Average: 2.175 4.83 7.8 7.925) 0.77| 0.77
90th Percentile: | 2.611| 5.747 7.94 8.07) 0.77| 0.77
10th Percentile: 1.779 4.05 7.66 78] 0.77( 0.77
Max 2.77 5.96 8 8.1] 0.77| 0.77




Form 2C Data (Observed Pollutants)

Pollutant 001 002 003 004 005 104
Chemical Oxygen Demand (COD) (mg/L) 10.13 41.93

Total Organic Carbon (TOC) (mg/L) 5.1 8.6 4.8 13.3 7 15
Total Suspended Solids (TSS) (mg/L) 13.6 15 12.4 51.5 15.9 19.2
Total Ammonia (mg/L) 0.1 0.07 0.08 2.76 0.07 8.9
Temperature, Winter (degrees C) 11.4 18.3 16.4 12.15 5.7 13.2
Temperature, Summer (degrees C) 34 37.5 42.8 32.2 315 315
pH (s.u.) 7.7 7.6 7.7|6-8.4 75-9.6 |8.9-122
Total Bromide (mg/L) 0.34 0.33 0.33 0.47 0.2

Color (NTU) 25 30 20 0 25 15
Fluoride (mg/L) 0.146 0.154 0.141 0.399 0.184 0.799
Nitrate + Nitrite (mg/L) 0.81 0.78 0.86 1.73 0.03 53.45
Total Nitrogen (as N) (mg/L) 0.46 0.36 0.43 2.86 0.33 4.39
Total Phosphorus (as P) (mg/L) 0.11 0.11 0.1 0.49 0.12

Total Beta (pCi/L) 3.69 2.45 3.23 4.44 2.88 33.6
Sulfate (mg/L) 54.52 55.82 57.2 150.31 76.58 644.6
Sulfite (as SO3) (mg/L) 0.64 0.64 1.28

Surfactants (mg/L) 2.1
Total Aluminum (mg/L) 0.23 0.11 0.21 0.24 0.26 0.11
Total Barium (mg/L) 0.105 0.1 0.121 0.343 0.177 0.062
Total Boron (mg/L) 0.1 0.07 0.07 2.21 0.22 37.67
Total Cobalt (mg/L) 0.006

Total Iron (mg/L) 0.7 0.5 0.56 0.07 0.39 0.63
Total Magnesium (mg/L) 5.25 5.17 5.54 9.7 6.94 220
Total Molybdenum (mg/L) 0.002 0.002 0.002 0.113 0.01 0.016
Total Manganese (mg/L) 0.06 0.05 0.06 0.08 0.08 0.41
Total Tin (mg/L) 0.005

Total Titanium (mg/L) 0.029 0.004

Total Antimony (mg/L) 0.008

Total Arsenic (mg/L) 0.054 0.006 0.007
Total Beryllium (mg/L) 0.0004

Total Cadmium (mg/L) 0.0012

Total Chromium (mg/L) 0.002

Total Copper (mg/L) 0.014 0.037 0.004 0.009

Total Mercury (mg/L) 0.00000126{ 0.00000119] 0.00000208

Total Nickel (mg/L) 0.025 0.056
Total Selenium (mg/L) 0.019 0.006 0.116
Total Thallium (mg/L) 0.0007 0.0006

Total Zinc (mg/L) 0.013 0.012 0.01 0.033

Total Phenols (mg/L) 0.01 0.06 0.04 0.01
Chloroform (mg/L) 0.00188 0.0016 0.00189

Gross Alpha Particle Activity (pCi/L) 4.44

Tritium (pCi/L) 977

Beta Particle & Photon Activity (pCi/L) 3.69 3.23 2.88

Ammonia (ug/L) 100 70 80 2360 10

Chlorides (ug/L) 30440 32010 32060 118320 [4840

E. coli (N/100mL) 50 30 30

Tributyltin (ug/L) 0.032 0.030

dissolved antimony (ug/L) 8.00

dissolved arsenic (ug/L) 41.00 5.00

dissolved cadmium (ug/L) 1.10

dissolved total chromium (ug/L) 2.00

dissolved copper (ug/L) 6.00, <1.00 |13.00, 4.00 |2.00 8.00

dissolved, mercury (ug/L) 0.00064 0.00094 0.00116

dissolved nickel (ug/L) 25.00

dissolved selenium (ug/L) 17.00 4.00

dissolved thallium (ug/L) 0.50 0.50

dissolved zinc (ug/L) 13 26 26.00




Observed Pollutatnts that are addressed in the Water Quality Standards
(See Reasonable Potential Evaluations in Attachment 5)

Pollutants

Outfall 001
(11/12/08)

Outfall 002
(11/12/08)

Outfall 003
(11/12/08)

Outfall 004
(1/26/09)

Outfall 005
(1/12/09)

Dissolved Antimony (ug/L

8.00

Total Chromium (ug/L ! [ | 20 |
0.00064 000094 ] 000116 [ |

Dissolved Thallium ! [ | 050 | 050

Chloroform (ug/L) 1.88 1.60 1.89

Beta Particle and Photon Activity (pCi/L) 3.69 3.23 2.88
Gross Alpha Particle Activity (pCi/L) 4.44
Ammonia (ug/L) 100 70 80 2360 10.00
Sulfate (mg/L) 54.52 55.82 57.2 150.31 76.58
Total Iron (mg/L) 0.7 0.5 0.56 0.07 0.39
Total Manganese (mg/L) 0.06 0.05 0.06 0.08 0.08
Total Barium (mg/L 0.105 0.1 0.121 0.343 0.177
E. coli (N/CML) 50 30 30

Tributyltin (ug/L) 0.032 0.030

*Sample collected 4/6/09
PWS only

PWS and HH
Aguatic



004 and 005 were grab samples. In addition to the hardness data for the toxicity testing
samples, hardness was also measured in grab samples that were collected from Outfalls 001
and 002 on April 6, 2009. These data are also presented the following table.

Hardness Measurements Taken on Samples Used in Whole
Effluent Toxicity Tests with Chesterfield Power Station Qutfalls
OUTFALLS 001, 002, 003, 004, and 005
Hardness (mg/l. as CaCO3)
Sample Date 001 002 003 004 005
6/22/2005 92 62 84
6/24/2005 68 34 80
6/27/2005 38 68 78 128
5/22/2006 118
5/26/2006 98
6/1/2006 76 84 80
6/9/2006 88 78 96
6/12/2006 90 98 104 128
8/2/2006 48
9/11/2006 82
9/13/2006 84
11/6/2006 126
11/8/2006 86
11/8/2006 96
12/4/2006 86
12/6/2006 108
3/20/2007 124
1/23/2008 126 112 128 132 '
1/25/2008 108 104 112 136
1/28/2008 . 118 122 136 134
2/1/2008 138
3/4/2008 118
7/16/2008 108 92 162 84
7/18/2008 90 72 88 172
7/21/2008 118 116 114 192
1/12/2009 146
2/16/2009 460*
2/18/2009 448*
2/1/2009 420%
4/6/2009 48 48
Average 94 88 105 165 109

*The increase in the hardness of Outfall 004 between July 2008 and Februrary 2009 is
most likely due to the contribution of the station’s FGD Chloride Purge Stream
wastewater treatment plant, which came on-line during this period.
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Outfall 001 Analytical Data for Water Quality Criteria Parameters

CHEMICAL =PA Aﬁ'ci”s S QUAEE&%PON R(E'SQ%T SAMPLE TYPE®
METALS
Antimony, dissolved (3) 700 <1.00 G
Arsenic, dissolved {3) 270 <3.00 G
Cadmium, dissolved {3) 2.3 <0.30 G
Chromium 1ll, dissolved © (3 360 <1 .OOA N
Chromium VI, dissolved (3) 13 <1.00 ¢
Copper, dissolved (3) 8.3 S_'OSOB ©
Lead, dissolved (3) 67 <1.00 G
Mercury, dissolved 3 1.1 0.00064 ©
Nickel, dissolved (3) 120 <5.00 ¢
Selenium, dissolved {3) 16 <3.00 ¢
Silver, dissolved (3) 1.7 <0.10 ¢
Thallium, dissolved 4 320 <0.20 ¢
Zinc, dissolved (3} 74 13.00 G
PESTICIDES / PCBs
Aldrin 808 0.05 <0.016 ¢
Chlordane 608 0.2 <0.014 G
Chlorpyrifos (Dursban) 622 (5) <0.014 G
DDD 608 0.1 <0.021 ¢
DDE 608 0.1 <0.017 G
DOT 608 0.1 <0.017 G
Demetan (@) (5) <0.521 ¢
Dieldrin 608 0.1 <0.010 ¢
Alpha-Endosulfan 608 04 <Q.014 G
Beta-Endosuifan 608 0.1 <0.017 G
Endosulfan Sulfate 608 0.1 <0.009 ¢
Endrin 608 0.1 <0.020 ¢
Endrin Aldehyde (4) {5) <0.019 G




Outfall 001 Analytical Data for Water Quality Criteria Parameters

EPA ANALYSIS QUAN TIFIC#)TION R(EuSg}:_L)T .
CHEMICAL NO. LEVEL SAMPLE TYPE?
Guthion 622 {5 <0.3577 g
Heptachlor 608 0.05 <0.016 8
Heptachlor Epoxide 4 5 <0.012 H
Hexachlorocyclohexane Alpha-BHC 808 (5) <0.007 G
Hexachlorocyclohexane Beta-BHC 808 (5) <0.013 G
Rtie:g;::z:))rocyclohexaneGamma-BHC 608 (5) <0.011 G
Kepone ) (5) <0.015 G
Malathion 4 (5) <0.123 G
Methoxychlor (4) (5) <0.017 ¢
Mirex (4) (5 <0.015 G
Parathion (4) (5) <0.121 G
PCB 1260 608 - 1.0 <1.00 5
PCB 1254 608 1.0 <1.00 .
PCB 1248 608 1.0 <1.00 ¢
PCB 1242 608 1.0 <1.00 G
PCB 1232 608 1.0 <1.00 G
PCB 1221 608 1.0 <1.00 G
PCB 1016 608 1.0 <1.00 G
PCB Total 608 7.0 <7.00 &
Toxaphene 608 5.0 <(.057 .
BASE NEUTRALS
Acenaphthene 625 10.0 <3.00 &
Anthracene 625 10.0 <1.90 G
Benzidine 4 5 <63.00 G
Benzo (a) anthracene 625 10.0 <7.80 G
Benzo (b) Aucranthene 625 10.0 <4.80 G
Benzo (k) flucranthene 625 10.0 <2.50 g
Benzo (a) pyrene 625 10.0 <2.50 e




Outfall 001 Analytical Data for Water Quality Criteria Parameters

EPA ANALYSIS QUANTIFIC(A“TION R&SQ?ST o
CHEMICAL NO. LEVEL SAMPLE TYPE
Bis 2-Chloroethyl Ether 4) (5) <570 G
Bis 2-Chloroisopropyl Ether (4) (5) <5.70 6
Butyl benzyl phthalate 625 10.0 <2.50 ¢
2-Chloronaphthalene (4 (5) <4.60 G
Chrysene 625 10.0 <2.50 G
Dibenz{a,hjanthracene 625 20.0 <2.50 ¢
E:E;Egla ?Q)thalate (Di-n-Butyl 625 10.0 <6.40 G
1,2-Dichlorobenzene 624 10.0 <4.00 G
1,3-Dichlorobenzene 624 10.0 <3.10 G
1,4-Dichlorebenzene 624 10.0 <4.40 ¢
3,3-Dichlorobenzidine {4) (5) <16.50 G
Diethyl phthalate 625 10.0 <7.40 G
Di-2-Ethylhexyl Phthalate 625 10.0 <2.50 G
Dimethyl phthalate 4 {(5) <7.50 ¢
2,4-Dinitrotoluene 625 10.0 <570 ¢
1,2-Diphenyhydrazine 4) {5) <8.80 ¢
Fluoranthene 625 10.0 <2.20 G
Fluorene 625 10.0 <3.10 e
Hexachlorgbenzene {4) (5) <1.80 G
Hexachlorobutadiene (4) (5) <10.00 G
Hexachlerocyclopentadiene {4) (5) <2.40 G
Hexachloroethane 4) {5) <3.70 G
Indeno(1,2,3-cd)pyrene 625 20.0 <3.70 G
Isophorene 625 10.0 <5.10 ¢
Nitrobenzene 625 10.0 <4.20 ¢
N-Nitrosodimethylamine (4) (5) <6.20 ¢
N-Nitrosodi-n-propylamine 4 (5) <3.60 G
N-Nitrosodiphenylamine (4 (5) <2.70 6




Qutfall 001 Analytical Data for Water Quality Criteria Parameters

EPA ANALYSIS QUANTIFICATION R(Euzl"’LL)T
CHEMICAL NO. LEVEL'Y SAMPLE TYPE®
Pyrene 625 10.0 <3.80 8
1,2,4-Trichlorobenzene 625 10.0 <7.90 ¢
VOLATILES
Acrolein 4 (5) <10.00 G
Agrylonitrile (4) (5) <1.50 G
Benzene 624 10.0 <4.40 G
Bromoform 624 10.0 <4.70 G
Chlorobenzene (monochlorobenzene) 624 50.0 <6.00 G
Chlgrodibromomethane 624 10.0 <3.10 G
Chloroform 624 10.0 1.88 G
Dichloromethane {methylene chloride) 624 20.0 <2.80 G
Dichlorobromomethane 624 10.0 <2.20 G
1,2-Dichloroethane 624 10.0 <2.80 G
1,1-Dichioroethylene 624 10.0 <2.80 G
1,2-trans-dichloroethylene (4} (5) <1.60 G
1,2-Dichloropropane (4) (5} <6.00 G
1,3-Dichloropropene {(4) {5} <5.90 G
Ethylbenzene 624 10.0 <7.20 G
Methyl Bromide (4} (5) <1.40 G
1,1,2,2-Tetrachloroethane (4 (5) <6.90 G
Tetrachloroethylene 624 10.0 <410 G
Toluene 624 10.0 <6.00 G
1,1,2-Trichloroethane (C) (5) <5.00 G
Trichioroethylene 624 10.0 <1.90 G
RADIONUCLIDES
Strontium 90 (pCilL) @ (5) <0.87 e
Tritium (pCifL} 4) (5) <217 G
Beta Particle & Photon Activity (pCifL) (4) (5) 3.69 9




Qutfall 001 Analytical Data for Water Quality Criteria Parameters

EPA ANALYSIS QUANTIFICATION RESULY
CHEMICAL NO. LEVEL™ (uglt) SAMPLE TYPE®
Gross Alpha Particle Activity (pCifL) (4) (5) <(.98 G
ACIDS
2-Chiorophenol 625 10.0 <3.30 4
2,4 Dichlorophenol 625 10.0 <5.60 -
2,4 Dimethylphenol 625 100 <5.20 8
2,4-Dinitrophenal (4) (5 <42.00 H
2-Methyl-4,6-Dinitrophenol (4) (5 <24.00 G
Pentachlorophenol 625 50.0 <3.60 “
Phenol 625 10.0 <2.70 G
2,4,6-Trichlorophenol 625 10.0 <2.70 G
MISCELLANEOUS
Ammonia as NH3-N 350.1 200 100 8
Chlorides (4} (5) 30,440 g
Chiorine, Total Residual )] 100 <100 &
Cyanide, Total @ 10.0 <10.00 ®
E. coli | Enterococeous (NFCML) 4) (5) 50 Q
Hydragen Sulfide Y] (5) <50 G
Tributyltin ™ gt 5) <0.030 G

A = Result is for total chromium

B = Samples for copper analysis were collected from Qutfall 001 on 04/06/09 (<1.0 ug/L) and 11/12/09 (6.0 ug/L}

(1)  Quantification level (QL) is defined as the lowest concentration used for the calibration of a
measurement system when the calibration is in accordance with the procedures published for the

required method.

The quantification levels indicated for the metals are actually Specific Target Values developed for
this permit. The Specific Target Value is the approximate value that may initiate a wasteload

allocation analysis.

Target values are not wasteload allocations or effluent limitations., The

Specific Target Values are subject to change based on additional information such as hardness

data, receiving stream flow, and design flows.

Units for the quantification level are micrograms/liter unless otherwise specified.

Quality control and quality assurance information shall be submitted to document that the required
quantification level has been attained.

(2) Sample Type




(3)

4
5

(6}
N

(8)

(9)

G = Grab = An individual sample collected in less than 15 minutes. Substances specified with "grab”
sample type shall only be collected as grabs. The permittee may analyze multiple grabs and report the
average resuits provided that the individual grab resuits are also reported. For grab metals samples,
the individual samples shall be filtered and preserved immediately upan collection,

C = Composite = A 24-hour {PW - Revise as required to require same composite duration as
BOD;) composite unfess otherwise specified. The composite shall be a combination of individual
samples, taken proporticnal to flow, cbtained at hourly or smaller time intervais. The individual samples
may be of equal volume for flows that do not vary by +/- 10 percent aver a 24-hour period.

SC = Special Composite = samples for base/neutral/acid compounds, PCBs, and pesticides must be
collected as 4 individual grab samples taken proportional to flow at 8-hour intervals over the course of
one day. The individual samples may be of equal volume for flows that do not vary by +/- 10 percent
over a 24-hour period. Grab samples must be analyzed separately and the concentrations averaged.
Alternately, grab samples may be collected in the field and composited in the laboratory if the
compositing procedure produces results equivalent to results produced by arithmetic averaging of the
results of analysis of individual grab samples.

A specific analytical methad is not specified; however a target value for each metal has been
established. An appropriate method to meet the target value shall be selected from the following list of
EPA methods (or any approved method presented in 40 CFR Part 136). If the test result is less than the
method QL, a "<[QL]" shall be reported where the actual analytical test QL is substituted for [QL].

Metal Analytical Method
Antimony 1638; 1639
Arsenic 206.5; 1632
Chromium™ 1639
Cadmium 1637; 1638; 1639; 1640
Chromium VI 218.6; 1639
Copper 1638; 1640
Lead 1637: 1638; 1640
Mercury 245.7: 1631
Nickel 1638; 1639; 1640
Selenium 1638; 1639
Silver 1638
Zinc 1638; 1639

Any approved method presented in 40 CFR Part 136.

The QL is at the discretion of the permittee. For any substances addressed in 40 CFR Part 136, the
permittee shall use one of the approved methods in 40 CFR Part 136.

Testing for phenol requires continuous extraction,

Analytical Methods: NBSR 85-3295 or DEQ''s approved analysis for Tributyltin may also be used [See A
Manual for the Analysis of Butyltins in Environmental Systems by the Virginia Institute of Marine
Science, dated November 1996].

Both Chromium 1t and Chromium VI may be measured by the total chromium analysis. If the result of
the total chromium analysis is less than or equal to the lesser of the Chromium NI ar Chromium VI
method QL, the results for both Chromium Il and Chromium VI can be reported as "<{QL}", where the
actual analytical test QL is substituted for [QL].

The lab may use SW846 Method 8270D provided the lab has an Initial Demonstration of Capabiity, has
passed a PT for Kepone, and meets the acceptance criteria for Kepone as given in Method 8270D



Outfall 002 Analytical Data for Water Quality Criteria Parameters

EPA ANALYSIS QUANTIFICATION RESULY
CHEMICAL NO. LEVEL® Wal) | sampLE TYPE®
METALS
Antimony, dissolved (3 700 <1.00 G
Arsenic, dissolved 3) 270 <3.00 G
Cadrmium, dissolved (3) 2.3 <0.30 G
Chromium ii), dissolved ‘® @3) 360 <1.00 .
Chromium VI, dissolved 3 13 <10.00 G
Copper, dissolved (3) 8.3 1 i(())g L G
Lead, dissolved (3) 67 <1.00 G
Mercury, dissolved {3) 1.1 0.00094 G
Nickel, dissolved 3 120 <5.00 %
Selenium, dissolved (3} 16 <3.00 £
Sitver, dissolved (3) 1.7 <0.10 &
Thallium, dissolved 4) 320 <(0.20 e
Zinc, dissolved 3 74 26.00 G
PESTICIDES / PCBs
Aldrin 608 0.05 <0.016 ¢
Chlordane 608 0.2 <0.014 G
Chlarpyrifos (Dursban) 622 (5) <(0.014 %
DDD 808 0.1 <0.021 &
DDE 608 0.1 <0.017 ¢
DDT 608 0.1 <0.017 ¢
Demeton (4) (5) <0.521 G
Dieldrin 608 0.1 <0.010 G
Alpha-Endosulfan 608 0.1 <0.014 g
Beta-Endosulfan 608 0.1 <0.017 &
Endosulfan Sulfate 608 0.1 <0.009 G
Endrin 608 0.1 <(.020 q




Qutfall 002 Analytical Data for Water Quality Criteria Parameters

EPA ANALYSIS QUANTIFICATION g
CHEMICAL NO. LEVEL!" SAMPLE TYPE®
Endrin Aldehyde (4) (5) <0.019 8
Guthion 622 (5 <0.3577 G
Heptachlor 608 0.05 <0.016 G
Heptachlor Epoxide (4) (5) <0.012 G
Hexachlorocyclohexane Alpha-BHC 608 5) <0.007 ¢
Hexachlorocyclohexane Beta-BHC 608 5 <0.013 G
;—Il_ti-;:::lr:tl;rocyclohexaneGamma—BHC 608 (5) <0.011 G
Kepone {9 (5) <D.015 ¢
Malathion {4) {5) <0.123 2
Methoxychlor 4 {5) <0.017 9
Mirex {4) {5) <0.015 &
Parathion 4 {5 <0.121 4
PCB 1260 608 1.0 <1.00 G
PCB 1254 608 10 <1.00 G
PCB 1248 608 1.0 <1.00 ¢
PCB 1242 608 1.0 <1.00 @
PCB 1232 608 1.0 <1.00 “
PCB 1221 608 1.0 <1.00 “
PCB 1016 608 1.0 <1.00 =
PCB Total 608 7.0 <7.00 ©
Toxaphene 608 5.0 <Q.057 G
BASE NEUTRALS
Acenaphthene 625 10.0 <3.00 G
Anthracene 825 10.0 <1.90 G
Benzidine (4) (5) <63.00 .
Benzo (a} anthracene 625 10.0 <7.80 g
Benzo (b) fluoranthene 625 10.0 <4.80 G
Benzo (k) flugranthene 625 10.0 <2.50 G




Qutfall 002 Analytical Data for Water Quality Criteria Parameters

EPA ANALYSIS QUANTIFICATION REI?Q?LI;T
CHEMICAL NO. LEVELY SAMPLE TYPE?
Benzo {a) pyrene 625 10.0 <2.50 8
Bis 2-Chioroethyl Ether {4) {5} <5.70 B
Bis 2-Chloroisopropyl Ether {4} (5) <5.70 G
Butyl benzyl phthalate 625 10.0 <2.50 G
2-Chloronaphthalene (4 (5) <4.60 G
Chrysene 625 10.0 <2.50 G
Dibenz(a,hjanthracene 625 20.0 <2.50 ¢
I.F'.’)ir?mugiaﬂ\)lha!ate (Di-n-Butyl 625 10.0 <6.40 G
1,2-Dichlorobenzene 624 10.0 <4.00 ¢
1,3-Dichlorobenzene 624 10.0 <3.10 &
1,4-Dichlorobenzene 624 10.0 <4.40 &
3,3-Dichlorobenzidine (4) (5) <16.50 @
Diethyl phthalate 625 10.0 <7.40 &
Di-2-Ethylhexyl Phthalate 625 10.0 <2.50 G
Dimethyl phthalate (4 (5) <7.50 G
2,4-Dinitrotoluene 625 10.0 <5.70 G
1,2-Diphenylhydrazine (4) (5) <8.80 2
Fluoranthene 625 10.0 <2.20 5
Fluorene 625 10.0 <3.10 @
Hexachlorobenzene {4) {5) <1.80 g
Hexachiorobutadiene {4) {5) <10.00 &
Hexachlorocyclopentadiene {(4) (5) <2.40 G
Hexachloroethane {4) (5) <3.70 G
indeno(1,2,3-cd)pyrene 625 20.0 <3.70 =
Isophorone 625 10.0 <5.10 8
Nitrobenzene 625 10.0 <4.20 @
N-Nitrosadimethylamine (4) (5) <6.20 &
N-Nitrosodi-n-propylaming 4 (5) <3.60 e




QOutfall 002 Analytical Data for Water Quality Criteria Parameters

EPA ANALYSIS QUANTIFICATION R(isg?'_li-r
CHEMICAL NO. LEVEL" SAMPLE TYPE®
N-Nitrosodiphenylamine (4 (5} <2.70 B
Pyrene 625 10.0 <3.80 8
1,2,4-Trichlorobenzene 625 10.0 <7.90 G
VOLATILES
Acrolein (4) (5) <10.00 G
Acrylonitrile 4 (5) <1.50 G
Benzene 624 10.0 <4.40 G
Bromoform 624 10.0 <4.70 G
Chlorobenzene (monochlorobenzene) 624 50.0 <6.00 G
Chlorodibrormomethane 624 10.0 <3.10 G
Chloroform 624 10.0 1.60 G
Dichloromethane (methylene chloride) 624 20.0 <2.80 G
Dichlarobromomethane 624 10.0 <2.20 G
1,2-Dichloroethane 624 10.0 <2.80 G
1,1-Dichloroethylene 624 10.0 <2.80 G
1,2-trans-dichloroethylene {4) {5) <1.60 G
1,2-Dichloropropane {4) {5) <6.00 G
1,3-Dichloropropene (4) (5) <5.90 G
Ethythenzene 624 10.0 <7.20 G
Methyl Bromide 4 (5) <1.40 G
1,1,2,2-Tetrachloroethane (4) {5) <6.90 G
Tetrachloroethylene 624 10.0 <4.10 G
Toluene 624 10.0 <6.00 G
1,1,2-Trichloroethane {4) {5) <5.00 G
Trichloroethylene 624 10.0 <1.90 G
RADIONUCLIDES
Strontium 20 {(pCi/L.) (4) {5) <0.92 G
Tritium {pCifL) {4) (5) <217 e




Qutfall 002 Analytical Data for Water Quality Criteria Parameters
— AR | MR | wd) | s
Beta Particle & Photon Activity (pCilL) (4 {5) <0.013 ®
Gross Alpha Particle Activity {pCifL) (] {5 <0.007 &
ACIDS
2-Chicrophencl 625 10.0 <3.30 e
2,4 Dichlorophenol 625 10.0 <5.60 4
2.4 Dimethylphenal 625 10.0 <5.20 G
2.4-Dinitrophenol (4 (5) <42.00 ¢
2-Methyl-4,6-Dinitrophenol (4) {5) <24.00 ¢
Pentachlorophenol 625 50.0 <3.60 G
Phenol 625 100 <2.70 ©
2,4,8-Trichiorophenol 625 10.0 <2.70 3
MISCELLANEOQUS
Ammonia as NH3-N 350.1 200 70 C
Chlorides {4) {5) 32,010 C
Chlorine, Total Residual (4) 100 <100 G
Cyanide, Total 4) 10.0 <10.00 G
E. cali | Enterococcus (NICML) (4) (5) 30 G
Hydrogen Sulfide {4) (5 <50.00 ¢
Tributyltin @ 3'33255 (5) <0.030 &

A = Result is for Total Chromium
B = Samples for copper analysis were collected from Outfall 002 on 04/06/09 (4 ug/L) and on 11/12/08 (13 ug/L)

(1)

Quantification level (QL) is defined as the lowest concentration used for the calibration of a
measurement system when the calibration is in accordance with the procedures published for the
required method,

The quantification levels indicated for the metals are actually Specific Target Values developed for
this permit. The Specific Target Value is the approximate value that may initiate a wasteload
allocation analysis, Target values are not wasteload allocations or effluent limitations. The
Specific Target Values are subject to change based on additional information such as hardness
data, receiving stream flow, and design flows.

Units for the quantification level are micrograms/liter unless otherwise specified.

Quality control and quality assurance information shall be submitted to document that the required
quantification level has been attained.




()

3)

(4)
(5)

(6)
(7}

(8)

(9)

Sample Type

G = Grab = An individual sample collected in less than 15 minutes. Substances specified with “grab”
sample type shall only be collected as grabs. The permittee may analyze multiple grabs and report the
average results provided that the individual grab results are also reported. For grab metals samples,
the individual samples shall be filtered and preserved immediately upon collection.

C = Composite = A 24-hour (PW - Revise as required to require same composite duration as
BODs) composite unless otherwise specified. The composite shall be a combination of individual
samples, taken proportional to flow, obtained at hourly or smaller time intervals. The individual samples
may be of equal volume for flows that do not vary by +/- 10 percent over a 24-hour period.

SC = Special Composite = samples for base/neutral/acid compounds, PCBs, and pesticides must be
collected as 4 individual grab samples taken proportional to flow at 6-hour intervals over the course of
one day. The individual samples may be of equal volume for flows that do not vary by +/~ 10 percent
over a 24-hour period. Grab samples must be analyzed separately and the concentrations averaged.
Alternately, grab samples may be collected in the field and composited in the [aboratory if the
compositing procedure produces results equivalent to results produced by arithmetic averaging of the
results of analysis of individual grab samples.

A specific analytical method is not specified; however a target value for each metal has been
established. An appropriate method to meet the target value shall be selected from the following list of
EPA methods {or any approved method presented in 40 CFR Part 138). If the test result is less than the
method QL, a "<[QL]" shall be reported where the actual analytical test QL is substituted for [QL].

Metal Analytical Method
Antimony 1638; 1639
Arsenic 206.5; 1632
Chromium®® 1639
Cadmium 1837; 1638; 1639; 1640
Chromium VI 218.6; 1639
Copper 1638; 1640
Lead 1637, 1638; 1640
Mercury 245.7, 1631
Nickel 1638; 1639; 1640
Selenium 1638; 1639
Silver 1638
Zing 1638; 1639

Any approved method presented in 40 CFR Part 136.

The QL is at the discretion of the pemmittee. For any substances addressed in 40 CFR Part 136, the
permittee shall use one of the approved methods in 40 CFR Part 136.

Testing for phenol requires continuous extraction,

Analytical Methods: NBSR 85-3295 or DEQ's approved analysis for Tributyltin may also be used [See A
Manual for the Analysis of Butyltins in Environmental Systems by the Virginia Institute of Marine
Science, dated November 1996].

Both Chromium Il and Chromium VI may be measured by the total chromium analysis. [f the result of
the total chromium analysis is less than or equal to the lesser of the Chromium Il or Chromium VI
method QL, the results for both Chromium !l and Chromium VI can be reported as "<[QL]", where the
actual analytical test QL is substituted for [QL].

The lab may use SW846 Method 8270D provided the lab has an Initial Demonstration of Capability, has
passed a PT for Kepone, and meets the acceptance criteria for Kepone as given in Method 8270D



Outfall 003 Analytical Data for Water Quality Criteria Parameters

CHEMICAL =PA A:OA.LYSIS QUAEE;;?.{;\)TION RE‘sg?LliT SAMPLE TYPE™
METALS
Antimony, dissolved {3) 14 <1.00 G
Arsenic, dissolved (3} 10 <3.00 G
Cadmium, dissolved (3 0.55 <0.30 @
Chromium IIl, dissolved (3) 36 <1.00 A @
Chrromium VI, dissolved ® {3) 6.4 <1.00 A g
Copper, dissolved (3) 4.2 2.00 &
Lead, dissolved @) 5.7 <1.00 %
Mercury, dissolved (3) 1.0 0.00116 8
Nickel, dissoived (3) 9.6 <5,00 S
Selenium, dissolved (3) 3.0 <3.00 =
Silver, dissolved 3) 0.86 <0.10 N
Thallium, dissolved (4) 6.3 <0.20 G
Zing, dissolved (3) 37 <10.00 G
PESTICIDES / PCBs
Aldrin 608 0.05 <(.016 e
Chiordane 608 0.2 <0.014 £
Chlorpyrifos (Dursban) 622 (5) <0.014 B
DDD 608 0.1 <0.021 ¢
DDE 608 04 <0.017 ¢
DOT 608 04 <0.017 ¢
Demeton (4) 5 <0.521 L
Dieldrin 608 0.1 <0.010 8
Alpha-Endosuifan 608 0.1 <0.014 o
Beta-Endosulfan 608 0.1 <0.017 G
Endosulfan Sulfale 608 0.1 <0.009 G
Endrin 608 0.1 <0.020 G
Endrin Aldehyde 4 (5) <0.019 G




Outfall 003 Analytical Data for Water Quality Criteria Parameters

EPA ANALYSIS QUANTIFICATION RESQ?LIST
CHEMICAL NO. LEVEL!" SAMPLE TYPE®
Guthion 622 5) <0.3577 e
Heptachlor 608 0.05 <0.016 g
Heptachlor Epoxide 4 (5) <0.012 e
Hexachlorocyclohexane Alpha-BHC 608 (5) <0.007 @
Hexachlorocycichexane Beta-BHC 608 (5) <(0.013 e
R?::;rr‘\grocydohexaneGamma-BHC 608 (5) <0.011 G
Kepone (@ (5) <0.015 ¢
Malathion (4) (5} <0.123 G
Methoxychlor (4) (5) <0.017 G
Mirex @) (5) <0.015 ¢
Parathion 4 (5) <0.121 8
PCB 1260 608 1.0 <1.00 G
PCB 1254 808 1.0 <1.00 %
PCB 1248 608 1.0 <1.00 ¢
PCB 1242 608 1.0 <1.00 ¢
PCB 1232 608 1.0 <1.00 G
PCB 1221 608 1.0 <1.00 ¢
PCB 1016 608 1.0 <1.00 @
PCB Total 608 7.0 <7.00 @
Toxaphene 608 5.0 <0.057 g
BASE NEUTRALS
Acenaphthene - 625 10.0 <3.00 &
Anthracene 625 10.0 <1.90 G
Benzidine {4) {5) <63.00 G
Benzo (a) anthracene 625 10.0 <7.80 G
Benzo (b} fluoranthene 625 10.0 <4.80 4
Benzo (k) flucranthene 625 10.0 <2.50 @
Benzo (a) pyrene 625 10.0 <2.50 G




Outfall 003 Analytical Data for Water Quality Criteria Parameters

EPA ANALYSIS QUANTIFICATION R{isgx_li.r
CHEMICAL NO. LEVELY SAMPLE TYPE®
Bis 2-Chloroethyl Ether (4) (5) <5.70 -
Bis 2-Chloroisopropyl Ether (4) {5) <5.70 G
Butyl benzyl phthalate 625 10.0 <250 g
2-Chlorenaphthalene {4) (5) <4.60 8
Chrysene 625 10.0 <2.50 9
Dibenz{a h)anthracene 625 20.0 <2.50 G
gmg; ?‘glhalale (Di-n-Butyl - 10.0 <6.40 G
1,2-Dichlorobenzene 624 10.0 <4.00 e
1,3-Dichlorobenzene 624 10.0 <3.10 G
1,4-Dichlorobenzene 624 10.0 <4.40 8
3,3-Dichlorobenziding (4) (5) <16.50 =
Diethyl phthalate 625 10.0 <7.40 ¢
Di-2-Ethylhexyl Phthalate 825 10.0 <2.50 G
Dimethyl phthalate 4) (5) <7.50 B
2,4-Dinitrotoluene 825 10.0 <5.70 2
1,2-Diphenylhydrazine 4) (5) <8.80 G
Fluoranthene 625 10.0 <2.20 =
Fluorene 625 10.0 <3.10 G
Hexachlorobenzene (4 (5) <1.80 =
Hexachlorobutadiene 4) (5) <10.00 G
Hexachlorocyclopentadiene (4) (5) <2.40 G
Hexachloroethane 4) (5 <3.70 8
Indeno{1,2,3-cd)pyrene 625 20.0 <3.70 4
isophorane 625 10.0 <5.10 G
Nitrobenzene 625 10.0 <4.20 a
N-Nitrosodimethylamine (4) (5) <6.20 G
N-Nitrosodi-n-propylamine (4) (5) <3.60 G
N-Nitrosodiphenylamine 4) (5 <2.70 G




Qutfall 003 Analytical Data for Water Quality Criteria Parameters

EPA ANALYSIS QUANTIFICATION ety
CHEMICAL NO. LEVEL" SAMPLE TYPE®
Pyrene 625 10.0 <3.80 G
1,2,4-Trichlorobenzene 625 10.0 <7.90 G
VOLATILES
Acrolein {4) (5) <10.00 G
Acrylonitrile {4) (5) <1.50 G
Benzene 524 10.0 <4.40 G
Bromoform 624 100 <4.70 G
Chiorobenzene {monochlcrobenzene) 624 50.0 <6.00 G
Chlorodibromomethane 624 10.0 <3.10 G
Chioroform 624 10.0 1.89 G
Dichloromethane {methylene chloride) 624 20.0 <2.80 G
Dichlorobromomethane 624 10.0 <2.20 G
1,2-Dichloroethane 624 10.0 ’_<2.80 G
1,1-Dichloroethylene 624 10.0 <2.80 G
1,2-trans-dichloroethylene (4 5 <1.60 G
1,2-Dichlaropropane (4) (5) <6.00 G
1,3-Dichloropropene (4) (5 <5.90 G
Ethylbenzene 624 10.0 <7.20 G
Methy! Bromide @) 5 <1.40 G
1,1,2.2-Tetrachloraethane 4) {5) <6.90 G
Tetrachloroethylene 624 10.0 <4.10 G
Toluene 624 10.0 <6.00 G
1,1,2-Trichloroethane {4 {5) <5.00 G
Trichloroethylene 624 10.0 <1.90 G
RADIONUCLIDES
Strontium 90 (pCil) {4) (5) <0.90 e
Tritium (pCi/L) {4) (5) <217 Q
Beta Particle & Photon Activity (pCi/L) {4) (5) 323 4




QOutfall 003 Analytical Data for Water Quality Criteria Parameters
CHEMICAL FA A:oA.LYs's QUAE&FI'E%TION R("E‘?”ti'lf SAMPLE TYPE®
Gross Alpha Particle Activity (pCifL) 4 {5) <1.06 g
ACIDS
2-Chlorophenol 625 10.0 <3.30 G
2,4 Dichleropheno| 625 10.0 <5.60 G
2,4 Dimethylphenol 625 10.0 <5.20 G
2,4-Dinitropheno! 4 (5) <42.00 ¢
2-Methyl-4,6-Dinitrophenol {4) {5) <24.00 G
Pentachlorophenal 625 50.0 <3.60 ¢
Phenol 625 100 <2.70 8
2.4,6-Trichiorophenol 625 10.0 <2.70 e
MISCELLANEOUS
Ammonia as NH3-N 350.1 200 80 G
Chlorides {4) ) 32,060 &
Chtorine, Total Residual (4) 100 <100 .
Cyanide, Total (4} 10.0 <10.00 G
E. coli { Enterococcus (N/CML) (4) (5) 30 G
Hydrogen Sulfide (4 (5) <0.05 G
Tributyitin etod (5) <0.030 G

A = Result is for total chromium

(1

(2)

Quantification level (QL) is defined as the lowest concentration used for the calibration of a
measurement system when the calibration is in accordance with the procedures published for the
required method,

The quantification levels indicated for the metals are actually Specific Target Values developed for
this permit. The Specific Target Value is the approximate value that may initiate a wasteload
allocation analysis. Target values are not wasteload allocations or effluent limitations. The
Specific Target Values are subject to change based on additional information such as hardness
data, receiving stream flow, and design flows.

Units for the quantification level are micrograms/liter unless otherwise specified.

Quality control and quality assurance information shall be submitted to document that the required
quantification level has been attained.

Sample Type




(3}

4)
(5)

(6)
{7}

(8)

9

G = Grab = An individual sample collected in less than 15 minutes. Substances specified with "grab”
sample type shall only be collected as grabs. The permittee may analyze multiple grabs and report the
average results provided that the individual grab results are aiso reported. For grab metals samples,
the individual samples shall be filtered and preserved immediatety upon collection.

C = Composite = A 24-hour {(PW - Revise as required to require same composite duration as
BOD;s) composite unless otherwise specified. The composite shall be a combination of individual
samples, taken proportional to flow, obtained at hourly or smaller time intervals. The individual samples
may be of equal volume for flows that do not vary by +/- 10 percent over a 24-hour period.

SC = Special Composite = samples for base/neutralfacid compounds, PCBs, and pesticides must be
collected as 4 individual grab samples taken proportional to flow at 6-hour intervals over the course of
one day. The individual samples may be of equal volume for flows that do not vary by +/- 10 percent
over a 24-hour petiod. Grab samples must be analyzed separately and the concentrations averaged.
Alternately, grab samples may be collected in the field and composited in the laboratory if the
compasiting procedure produces results equivalent to results produced by arithmetic averaging of the
results of analysis of individual grab samples.

A specific analytical method is not specified; however a target value for each metal has been
established. An appropriate method to meset the target value shall be selected from the following list of
EPA methods (or any approved method presented in 40 CFR Part 136). If the test result is less than the
method AL, a "<[QL]" shall be reported where the actual anaiytical test QL is substituted for [QL].

Metal Analytical Method
Antimony 1638; 1639
Arsenic 206.5; 1632
Chromium™® 1639
Cadmium 1637, 1638; 1639; 1640
Chromium Vi 218.6; 1639
Copper 1638; 1640
Lead 1637; 1638; 1640
Mercury 245.7; 1631
Nickel 1638; 1639, 1640
Selenium 1638; 1639
Silver 1638
Zing 1638; 1639

Any approved method presented in 40 CFR Part 136.

The QL is at the discretion of the permittee. For any substances addressed in 40 CFR Part 136, the
permittee shall use one of the approved methods in 40 CFR Part 136.

Testing for phenol requires continuous extraction.

Analytical Methods: NBSR 85-3295 or DEQY's approved analysis for Tributyltin may also be used [See A
Manual for the Analysis of Butylting in Environmental Systems by the Virginia Institute of Marine
Science, dated November 19986].

Both Chromium 1] and Chromium VI may be measured by the total chromium analysis. [If the result of
the total chromium analysis is less than or equal to the lesser of the Chromium Il or Chromium Vi
method QL, the results for beth Chromium 11l and Chromium VI can be reported as "<[QLY", where the
actual analytical test QL is substituted for [QL).

The lab may use SW846 Method 82700 provided the lab has an Initial Demanstration of Capability, has
passed a PT for Kepone, and meets the acceptance criteria for Kepone as given in Method 8270D



Outfail 004 Analytical Data for Water Quality Criteria Parameters

CHEMICAL =A AhTéLYS|s QUAEE{Z?.#’“ON RE'SQ?LET SAMPLE TYPE®
METALS
Antimony, dissolved (3) 130,000 8.00 8
Arsenic, dissolved (3) 2,800 41.00 g
Cadmium, dissolved (3) 17 1.10 é
Chromium IlI, dissolved 3) 1,100 2.00" ¢
Chromium VI, dissolved ¥ (3) 200 <10.00 @
Copper, dissolved 3) 130 8.00 g
Lead, dissolved 3 180 <1.00 ¢
Mercury, dissclved {(3) 1.8 <0.20 e
Nickel, dissolved (3) 300 25.00 G
Selenium, dissolved (3) 93 17.00 G
Silver, dissolved {3) 27 <0.10 G
Thallium, dissolved 4 200 0.50 g
Zing, dissolved 3) 1,200 26.00 2
PESTICIDES / PCBs
Aldrin 608 0.05 <0.016 &
Chiordane 608 0.2 <0.014 ¢
Chlorpyrifos (Dursban) 622 {5) <0.014 G
DD 608 0.1 <0.021 ¢
DDE 608 0.1 <0.017 ¢
DDT 608 0.1 <0.017 9
Demeton (4) (5) <0.521 B
Dieldrin 608 0.1 <0.010 8
Alpha-Endosulfan 608 0.1 <0.014 8
Beta-Endosulfan 608 0.1 <0.017 e
Endosulfan Sulfate 608 0.1 <0.009 G
Endrin 608 0.1 <0.020 G
Endrin Aldehyde (4) (5) <0.019 G




Outfall 004 Analytical Data for Water Quality Criteria Parameters

EPA ANALYSIS QUANTIFICATION iy
CHEMICAL NO. LEVEL" SAMPLE TYPE®
Guthion 622 (5) <0.3577 -
Heptachlor 608 0.05 <0.016 ¢
Heptachior Epoxide 4) (5) <0.012 G
Hexachlorocyclohexane Alpha-BHC 608 (5) <0.007 3
Hexachlorocyclohexane Beta-BHC 608 (5) <0.013 B
EI_?:S;::Ltn)rocycrohexaneGamma-BHC 608 ) <0.011 G
Kepone © (5) <0.015 g
Malathion 4) {5) <0.123 o
Methoxychlor 4 {5) <0.017 G
Mirex @ (5) <0.015 ¢
Parathion (4) 5) <(.121 i
PCB 1260 608 1.0 <1.00 G
PCB 1254 608 1.0 <1.00 G
PCB 1248 608 1.0 <1.00 G
PCB 1242 608 1.0 <1.00 g
PCB 1232 608 1.0 <1.00 &
PCB 1221 808 10 <1.00 g
PCB 1016 608 1.0 <1.00 N
PCB Total 608 7.0 <7.00 &
Toxaphene 608 5.0 <0.057 G
BASE NEUTRALS
Acenaphthene 625 10.0 <3.00 G
Anthracene 625 10.0 <1.90 g
Benzidina {4) (5) <63.00 2
Benzo (a) anthracene 625 10.0 <7.80 @
Benzo (b) fluoranthene 625 10.0 <4.80 g
Benzo {k) fluoranthene 625 10.0 <2.50 8
Benzo {a) pyreng 625 10.0 <2.50 8




Outfall 004 Analytical Data for Water Quality Criteria Parameters

EPA ANALYSIS QUANTIFICATION REISQ%T
CHEMICAL NO. LEVEL" SAMPLE TYPE®
Bis 2-Chloroethyl Ether ) (5) <5.70 G
Bis 2-Chloroisopropyl Ether 4 (5) <5.70 &
Butyl benzyl phthalate 625 10.0 <2.50 G
2-Chlorgnaphthalene 4 (5) <4.60 G
Chrysene 625 10.0 <2.50 G
Dibenz(a,hjanthracene 625 20.0 <2.50 G
g;;gglla $:)malate {Di-n-Butyl 625 10.0 <6.40 G
1,2-Dichlorcbenzens 624 10.0 <4.00 G
1,3-Dichlorobenzene 624 10.0 <3.10 &
1,4-Dichlorobenzene 624 10.0 <4.40 &
3,3-Dichlorobenzidine (4) (5) <16.50 =
Diethyl phthailate 625 10.0 <7.40 B
Di-2-Ethyfhexy! Phthalate 625 10.0 <2.50 G
Dimethyl phthalate {4) (5 <7.50 G
2,4-Dinitrotoluene 625 10.0 <5.70 ¢
1,2-Diphenylhydrazine {4) (5) <8.80 G
Fluoranthene 625 10.0 <2.20 @
Fluorene 625 10.0 <3.10 @
Hexachlorobenzene (4) (5) <1.80 g
Hexachlorobutadiene (4) {5) <10.00 G
Hexachloracyclopentadiene (4 5) <2.40 4
Hexachloroethane {4) {5) <3.70 G
Indeno(1,2,3-cd)pyrene 625 20.0 <3.70 G
isophorone 625 10.0 <5.10 ®
Nitrobenzene 625 10.0 <4.20 4
N-Nitrosodimethylamine {4 (5) <6.20 5
N-Nitrosodi-n-propylamine 4 (5) <3.60 %
N-Nitrosodiphenylamine {4) (5) <2.70 e




Outfall 004 Analytical Data for Water Quality Criteria Parameters

EPA ANALYSIS QUANTIFICATION el
CHEMICAL NO. LEVEL (vg SAMPLE TYPE?
Pyrene 625 10.0 <3.80 G
1,2,4-Trichlorobenzene 625 10.0 <7.90 G
VOLATILES
Acrolein ) (5) <10.00 G
Acrylonitrile (4) (5) <1.50 G
Benzene 624 10.0 <4.40 G
Bromoform 624 10.0 <4.70 G
Chlorebenzene (monochlorobenzene) 624 50.0 <6.00 G
Chloredibromomethane 624 10.0 <3.10 G
Chloroform 624 10.0 <1.60 G
Dichloromethane (methylene chloride) 624 20.0 <2.80 G
Dichlorobromomethane 624 10.0 <2.20 G
1,2-Dichioroethane 624 10.0 <2.80 G
1,1-Dichioroethylene 624 10.0 <2.80 G
1,2-trans-dichloroethylene {4 (5} <1.60 G
1,2-Dichlgropropane 4 (5} <6.00 G
1,3-Dichlorepropene 4 (5) <5.90 G
Ethylbenzene 624 10.0 <7.20 G
Methyl Bromide 4 (5) <1.40 G
1,1,2,2-Tetrachloroathane {4 (5 <6.90 G
Tetrachloroethylene 624 10.0 <4.10 G
Toluene 624 10.0 <6.00 G
1,1,2-Trichloroethane 4 (5} <5.00 G
Trichtoroethylene 624 10.0 <1.90 G
RADIONUCLIDES
Strontium 90 (pCi/L) (4) (5) <0.498 G
Tritium (pCi/L}) (4} (5) <247 G
Beta Particle & Photon Activity (pCiL) (4) (5) <2.83 ¢




Qutfall 004 Analytical Data for Water Quality Criteria Parameters
EPA ANALYSIS QUANTIFICATION R(l::;}ll_lf 5
CHEMICAL NO. LEVEL SAMPLE TYPE
Gross Alpha Particle Activity (pCi/L) {4) (5) 4.44 G
ACIDS
2-Chiorophenal 625 10.0 . <3.30 .
2,4 Dichlorophenol 625 10.0 <5.60 G
2,4 Dimethylphenol 625 10.0 <5.20 ¢
2,4-Dinitrophenol (4 5 <42.00 G
2-Methyl-4,6-Dinitrophenol (4) (5) <24.00 G
Pentachlorophenol 625 50.0 <3.60 G
Phenol 625 10.0 <2.70 ¢
2,4,6-Trichlorophenol 625 10.0 <2.70 c
MISCELLANEQUS
Ammonia as NH3-N 350.1 200 2,360 g
Chlorides 4) (5) 118,320 e
Chlorine, Total Residual (4 100 <100 G
Cyanide, Total (4 10.0 <10.00 ¢
E. coli | Enterococcus (N/ICML) {4) (5) <2.00 ¢
Hydrogen Sulfide 4 (5) <50.00 G
Tributyltin B (5) 0.032 &

A = Result is for total chromium

(1N

(2)

Quantification level {QL) is defined as the lowest concentration used for the calibration of a
measurement system when the calibration is in accordance with the procedures published for the
required method.

The quantification levels indicated for the metals are actually Specific Target Values developed for
this permit. The Specific Target Value is the approximate value that may initiate a wasteload
allocation analysis. Target values are not wasteload allocations or effluent [imitations. The
Specific Target Values are subject to change based on additional information such as hardness
data, receiving stream flow, and design flows.

Units for the quantification level are microgramsfliter unless otherwise specified.

Quality control and quality assurance information shall be submitted to document that the required
quantification level has been attained.

Sample Type




(3)

4)
{5)

(6)
Q)

(8)

©)

G = Grab = An individual sample collected in less than 15 minutes. Substances specified with "grab”
sample type shall only be collected as grabs. The permitiee may analyze multiple grabs and report the
average results provided that the individual grab results are also reporied. For grab metals samples,
the individual samples shall be filtered and preserved immediately upon collection.

C = Composite = A 24-hour {PW - Revise as required to require same composite duration as
BOD;) composite unless otherwise specified. The compesite shall be a combination of individual
samples, taken proportional to flow, obtained at hourly or smaller time intervals. The individual samples
may be of equal volume for flows that do not vary by +/- 10 percent over a 24-hour period.

SC = Special Composite = samples for base/neutral/acid compounds, PCBs, and pesticides must be
collected as 4 individual grab samples taken proportional to flow at 6-hour intervals over the course of
one day. The individual samples may be of equal volume for flows that de not vary by +/- 10 percent
over a 24-hour period. Grab samples must be analyzed separately and the concentrations averaged.
Alternately, grab samples may be collected in the field and composited in the laboratory if the
compositing procedure produces results equivalent to results produced by arithmetic averaging of the
results of analysis of individual grab samples.

A specific analytical method is not specified; however a target value for each metal has been
established. An appropriate method to meet the target value shall be selected from the following list of
EPA methods (or any approved method presented in 40 CFR Part 136). If the test result is less than the
method QL, a "<[QL]" shall be reported where the actual analytical test QL is substituted for [QL].

Metal Analytical Method
Antimony 1638; 1639
Arsenic 206.5; 1632
Chromium‘® 1639
Cadmium 1637; 1638; 1639; 1640
Chromium V! 218.6; 1639
Copper 1638; 1640
Lead 1637; 1638; 1640
Mercury 245.7; 1631
Nickel 1638; 1639; 1640
Selenium 1638; 1639
Silver 1638
Zinc 1638, 1639

Any approved method presented in 40 CFR Part 136.

The QL is at the discretion of the permittee. For any substances addressed in 40 CFR Part 136, the
permitiee shall use one of the approved methods in 40 CFR Part 136.

Testing for phenol requires continuous extraction.

Analytical Methods: NBSR 85-3295 or DEQ)'s approved analysis for Tributyltin may also be used [See A
Manual for the Analysis of Butyltins in Environmental Systems by the Virginia Institute of Marine
Science, dated November 1996].

Both Chromium (Il and Chromium V1 may be measured by the total chromium analysis. If the result of
the total chromium analysis is less than or equal to the lesser of the Chromium Il or Chromium VI
method QL, the results for both Chromium 1l and Chromium VI can be reported as "<[QL]", where the
actual analytical test QL is substituted for [QL].

The lab may use SW846 Method 8270D provided the lab has an Initial Demonstration of Capability, has
passed a PT for Kepone, and meets the acceptance criteria for Kepone as given in Method 8270D



QOutfall 005 Analytical Data for Water Quality Criteria Parameters

CHEMICAL i e REQ%T SAMPLE TYPE?
METALS
Antimony, dissolved 3) 130,000 <1.00 ¢
Arsenic, dissolved (3) 2.800 5.00 ¢
Cadmium, dissolved (3 17 <0.30 ¢
Chromium IIl, dissolved ® (3) 1,100 <1.00" ¢
Chromium VI, dissclved @ {3) 200 <10.00 2
Copper, dissolved {3} 130 <1.00 g
Lead, dissolved (3 1 80- <1.00 8
Mercury, dissolved (3} 1.8 <0.20 e
Nickel, dissolved (3) 300 <5.00 C
Selenium, dissolved (3) a3 4.00 d
Silver, dissolved (3) 27 <0.10 ©
Thallium, dissolved (4) 200 0.50 ¢
Zine, dissolved 3) 1,200 <10.00 N
PESTICIDES / PCBs
Aldrin 608 0.05 <0.016 b
Chlordane 608 0.2 <0.014 e
Chlomyrifos (Dursban) 622 {5) <0.014 4
DDD 608 041 <0.021 G
DDE 608 0.1 <0.017 ¢
DDT 608 04 <0.017 ©
Demeton 4) (5) <0.521 G
Diefdrin 608 04 <0.010 &
Alpha-Endosulfan 608 0.1 <0.014 8
Beta-Endosulfan 608 0.1 <0.017 @
Endosulfan Sulfate 608 0.1 <0.009 @
Endrin 608 0.1 <0.020 ¢
Endrin Aldehyde {4) (5) <0.019 B




Outfall 005 Analytical Data for Water Quality Criteria Parameters

EPA ANALYSIS QUANTIFIC&TION R(Elsgli:_l;.r &
CHEMICAL NO. LEVEL SAMPLE TYPE
Guthion 622 (5) <0.3577 &
Heptachlor 608 0.05 <0.016 g
Heptachlor Epoxide ) (5) <0.012 a
Hexachlorocyclohexane Alpha-BHC 608 (5) <0.007 G
Hexachlorocyclohexane Beta-BHC 608 (5) <0.013 G
}-Il_?:g::;o)mcyclohexaneGamma-BHC 608 (5) <0.011 G
Kepone {9) (5 <0.015 G
Malathion 4 (5) <0.123 G
Methoxychlor (4) (5) <0.017 G
Mirex 4 (5) <0.015 g
Parathion €] (5) <0.121 &
PCB 1260 608 1.0 <1.00 "
PCB 1254 608 1.0 <1.00 &
PCB 1248 608 1.0 <1.00 ¢
PCB 1242 808 1.0 <1.00 H
PCB 1232 608 1.0 <1.00 G
PCB 1221 608 1.0 <1.00 ¢
PCB 1016 608 1.0 <1.00 4
PCB Total 608 7.0 <7.00 8
Toxaphene 608 5.0 <(.057 8
BASE NEUTRALS
Acenaphthene 625 10.0 <3.00 G
Anthracene 625 10.0 <1.90 ¢
Benzidine {4) (5) <63.00 G
Benzo (a) anthracene 625 10.0 <7.80 G
Benzo (b} fluoranthene 625 10.0 <4.80 2
Benzo (k) fluoranthene 625 10.0 <2.50 E
Benzo (a) pyrene 825 10.0 <2.50 6




Qutfall 005 Analytical Data for Water Quality Criteria Parameters

EPA ANALYSIS QUANTIFICATION R(?]SgﬁleiT
CHEMICAL NO. LEVEL" SAMPLE TYPE"
Bis 2-Chlorosthyl Ether (4) (5) <5.70 &
Bis 2-Chloroisopropyl Ether (4 (5) <5.7¢ i
Butyl benzyl phthalate 625 10.0 <2.50 8
2-Chloronaphthalene (4) (5) <4.60 A
Chrysene 625 10.0 <2.50 G
Dibenz(a,hjanthracene 625 20.G <2.50 ¢
EP)LI:{nzia;t::)thalate (Di-n-Butyl Hpk £ <6.40 G
1,2-Dichlorobenzene 624 10.0 <4.00 G
1,3-Dichlorobenzene 624 10.0 <3.10 G
1,4-Dichlorobenzene 624 10.0 <4.40 G
3,3-Dichlorobenzidine (4) (5 <18.50 g
Diethy! phthalate 625 10.0 <7.40 5
Di-2-Ethylhexyl Phthalate 625 10.0 <250 g
Dimethyl phthalate 4) (5) <7.50 8
2,4-Dinitrotoluene 625 10.0 <5.70 e
1,2-Diphenylhydrazine (4) (5) <8.80 G
Fluoranthene 625 10.0 <2.20 G
Fluorene 625 10.0 <3.10 g
Hexachlorobenzene {4) {5) <1.80 B
Hexachlorobutadiene (4) {5) <10.00 2
Hexachloracyclopentadiene {(4) (5) <2.40 G
Hexachloroethane (4 {5} <3.70 .
Indeno{1,2,3-cd)pyrene 625 20.0 <3.70 N
Isophorone 625 10.0 <5.10 G
Nitrobenzene 625 10.0 <4.20 G
N-Nitrosodimethylamine (4) (5} <6.20 G
N-Nitrosodi-n-propylamine (4) (5} <3.60 8
N-Nitrosodiphenylamine 4 (5) <2.70 g




Outfall 005 Analytical Data for Water Quality Criteria Parameters

EPA ANALYSIS QUANTIFIGATION RESULT
CHEMICAL NO. LEVEL" (ugh) SAMPLE TYPE®
Pyrene 625 10.0 <3.80 G
1,2,4-Trichlorobenzene 625 10.0 <7.90 G
VOLATILES
Acrolein (4) (5) <10.00 G
Acrylonitrile {4) (5) <1.50 G
Benzene 624 10.0 <4 .40 G
Bromoform 624 10.0 <4.70 G
Chlorobenzene (monochlorobenzene) 624 50.0 <6.00 G
Chlcrodibromomethane 624 10.0 <3.10 G
Chloroform 624 10.0 <1.60 G
Dichloromethane (methylene chioride) 624 20.0 <2.80 G
Dichlorobromomethane 624 10.0 <2.20 G
1.2-Dichloroethane 624 10.0 <2.80 G
1.1-Dichloroethylene 624 10.0 <2.80 G
1,2-trans-dichloroethylene {4) (5) <1.60 G
1,2-Dichloropropane {4 (5) <6.00 G
1,3-Dichioropropene (4) (5) <5.90 G
Eihyibenzene 624 10.0 <7.20 G
Methy! Bromide (4 (5} <1.40 G
1.1,2,2-Tetrachloroethane (4) (5} <6.90 G
Tetrachloroethylene 624 10.0 <4.10 G
Toluene 624 10.0 <6.00 G
1,1,2-Trichloroethane (4) (5) <5.00 G
Trichloroethylene 624 10.0 <1.90 G
RADIONUCLIDES
Strontium 90 (pCi/L) (4 (5) <0.771 G
Tritium (pCi/L) (4) (5) 077 G
Beta Particle & Photon Activity (pCilL) (4) (5} 2.88 ¢




Outfall 005 Analytical Data for Water Quality Criteria Parameters
EPA ANALYSIS QUANTIFIC&TION R(Euz?l_li.r -
CHEMICAL NO. LEVEL SAMPLE TYPE
Gross Alpha Particle Activity {(pCilL) (4} (5) <1.92 @
ACIDS
2-Chlorophenol 625 10.0 <3.30 a
2.4 Dichlorophenol 625 10.0 <5.60 é
2,4 Dimethylphenol 625 10.0 <5.20 -
2,4-Dinitrophenol {4) (5) <42.00 G
2-Methyl-4,6-Dinitrophenol 4) (5) <24 .00 G
Pentachlorophenol 625 50.0 <3.60 G
Phenol 625 10.0 <2.70 G
2,4,6-Trichlorophenol 625 10.0 <2.70 ¢
MISCELLANEQUS
Ammonia as NH3-N 350.1 200 10.00 8
Chiorides (4) (5) 4,840 4
Chlorine, Total Residual (4 100 <100 2
Cyanide, Total (4) 10.0 <10.00 B
E. coli { Enterococcus (N/CML) (4) (5) <2.00 G
Hydrogen Sulfide (4) (5) <50.00 G
Tributyltin byl 5) 0.030 e

A = Resuilt is for total chromium

m

(2)

Quantification level (Ql) is defined as the lowest concentration used for the calibration of a
measurement system when the calibration is in accordance with the procedures published for the
required method.

The quantification levels indicated for the metals are actually Specific Target Values developed for
this permit. The Specific Target Value is the approximate value that may initiate a wasteload
allocation analysis. Target values are not wasteload allocations or effluent limitations. The
Specific Target Values are subject to change based on additional information such as hardness
data, receiving stream flow, and design flows.

Units for the quantification level are micrograms/liter unless otherwise specified.

Quality control and quality assurance information shali be submitted to document that the required
quantification level has been attained.

Sample Type




3

4)
(5)

(6)
{7)

(8)

&)

G = Grab = An individual sample collected in less than 15 minutes. Substances specified with "grab”
sample type shall only be collected as grabs. The pemmittee may analyze multiple grabs and report the
average results provided that the individual grab results are also reported. For grab metals samples,
the individual samples shall be fiitered and preserved immediately upon collection.

C = Composite = A 24-hour {PW - Revise as required to require same composite duration as
BODs} composite unless otherwise specified. The composite shall be a combination of individual
samples, taken proportional to flow, obtained at hourty or smaller time intervals. The individual samples
may be of equal volume for flows that do not vary by +/- 10 percent over a 24-hour period.

SC = Special Composite = samples for base/neutraliacid compounds, PCBs, and pesticides must be
collected as 4 individual grab samples taken proportional to flow at 6-hour intervals over the course of
one day. The individual samples may be of equal volume for flows that do not vary by +/- 10 percent
over a 24-hour period. Grab samples must be analyzed separately and the concentrations averaged.
Alternately, grab samples may be collected in the field and composited in the laboratory if the
compositing procedure produces resulis equivalent to results produced by arithmetic averaging of the
results of analysis of individual grab samples.

A specific analytical method is not specified; however a target value for each metal has been
established. An appropriate method to meet the target value shall be selected from the following list of
EPA methods (or any approved method presented in 40 CFR Part 136). If the test result is less than the
method QL, a "<[QL]" shall be reported where the actual analytical test QL is substituted for [QL].

Metal Analytical Method
Antimony 1638; 1639
Arsenic 206.5; 1632
Chromium® 1639
Cadmium 1637; 1638; 1639; 1640
Chromium VI 218.6; 1639
Copper 1638; 1640
Lead 1637; 1638; 1640
Mercury 245.7; 1631
Nickef 1638; 1639; 1640
Selenium 1638; 1639
Silver 1638
Zing 1638; 1639

Any appraved method presented in 40 CFR Part 136,

The QL is at the discretion of the permittee. For any substances addressed in 40 CFR Part 136, the
permittee shall use one of the approved methods in 40 CFR Part 136.

Testing for phenol requires continuous extraction.

Analytical Methods; NBSR 85-3295 or DEQ's approved analysis for Tributyltin may also be used [See A
Manual for the Analysis of Butyltins in Environmental Systems by the Virginia Institute of Marine
Science, dated November 1996].

Both Chromium Hl and Chromium VI may be measured by the total chromium analysis. If the result of
the totat chromium analysis is less than or equal to the lesser of the Chromium (Il or Chromium VI
method QL, the results for both Chromium il and Chromium VI can be reported as "<[QL]", where the
actual analytical test QL is substituted for [QL].

The lab may use SW846 Method 82700 provided the lab has an Initial Demonstration of Capability, has
passed a PT for Kepone, and meets the acceptance criteria for Kepone as given in Method 8270D |
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Modeling Associated with SCR addition
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a. Reasonable Potential Analysis for Outfalls 001 and 002

Effluent limitations for parameters submitted with the application were evaluated in accordance with DEQ
Guidance Memo 00-2011. All observed pollutants and pollutants reported as less than QLs that
exceeded the agency accepted values were evaluated for reasonable potential to violate in stream water
quality standards. Pollutants that were reported as less than a DEQ accepted QL were considered
absent for the purposes of this evaluation.

MSTRANTI (version 2b), a DEQ developed spreadsheet was used to calculate Waste Load Allocations
(WLAs) based on mixed conditions. Stream data, effluent data and mixing ratios were entered into
MSTRANTI to determine the WLAs.

Outfalls 001 and 002 discharge to the tidal James River. Because of the challenge in modeling tidal
discharges, default dilution ratios of 2:1 acute and 50:1 chronic were assumed. Mixing ratios were input
in MSTRANTI as follows:

2:1 acute > A design flow of 1 MGD and 1Q10 flow of 1 MGD
50:1 chronic > A design flow of 1 MGD and 7Q10 flow of 49 MGD

STATS.EXE (version 2.0.4) was then used to evaluate reasonable potential and calculate limitations if
needed. WLAs, monitoring frequencies and reported effluent pollutant concentrations were input in
STATS.EXE to evaluate each pollutant individually. Because chlorine is purposefully introduced in to the
effluent, TRC limitations were forced using an assumed datum. As shown in the STATS outputs included
in this section, no other limitations are needed to protect ambient aquatic Water Quality Standards at
Outfalls 001 and 002.

For parameters with standards based on Human Health (HH), the maximum observed values were
compared to the HH WLAs calculated in MSTRANTI. The receiving stream is not designated as a PWS, so
the HH PWS standards do not apply to this discharge. However, the PWS WLAs were calculated for
illustrative purposes. As shown in the table below, all of the observed values were substantially less than
the WLAs; therefore, no limitations are needed for these parameters to protect human health.

In the application, the values reported for Beta Particle and Photon Activity are in units of activity (i.e.
pCi/L) whereas the applicable water quality standard is an exposure in terms of mrem/yr. The EPA has
established this same standard for community potable water systems. EPA guidance states that
compliance with the potable water standard may be assumed if the average annual concentration of Beta
Particle and Photon Activity is less than 50 pCi/L (Radionuclides in Drinking Water: A Small Entity
Compliance Guide. EPA 815-R-02-001, February 2002.;
http://www.epa.gov/safewater/radionuclides/compliancehelp.html). Consequently, the reported
concentration of Beta Particle and Photon Activity is considered to meet the applicable water quality
standards. Pollutants without an applicable standard cannot be evaluated at this time.

Pollutant Observed Value Human Health WLA Reasonable
Outfall 001 Outfall 002 | PWS All Other Waters | Potential (Y/N)

Dissolved Copper (ug/L) | 6.00, <1.0 13.00, 4.00 | 65000 N

Dissolved Zinc (ug/L) 13.00 26.00 370000 1300000 N

Chloroform (ug/L) 1.88 1.60 17000 550000 N

Beta Particle & Photon 3.69 200 N

Activity (pCi/L) ) mrem/year

Chlorides (ug/L) 30440 32010 13000000 N

Dissolved Barium (ug/L) | 105 100 100000 N
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Pollutant Observed Value Human Health WLA Reasonable
Outfall 001 Outfall 002 | PWS All Other Waters | Potential (Y/N)

Dissolved Iron (ug/L) 700 500 15000 N

Dissolved Manganese 60 50 2500 N

(Hg/L)

Sulfate (mg/L) 54.52 55.82 13000 N

E. coli (N/1200mL) 50 30 126 126 N

* Observed values are expressed in terms of total rather than dissolved.




MSTRANTI DATA SOURCE REPORT

(Chesterfield Power Station: Outfalls 001 & 002)

Stream Information

Mean Hardness 2-JMS099.30
90% Temperature (annual) 2-JMS099.30
90% Temperature (wet season) NA
90% Maximum pH 2-JMS099.30
10% Maximum pH 2-JMS099.30
Tier Designation Flow Frequency Memo (11/4/11)

Stream Flows &

Mixing Information

All Data

Tidal Default Mixing Ratios

Effluent

Information

Mean Hardness

App Data
(002 mean hardness, which is less
than the 001 mean hardness and
therefore a more conservative value.)

90% Temperature (annual)

The 90% max temperature for Outfall
002, which is higher than 90% max
temperature from Outfall 001.

90% Temperature (wet season)

NA

90% Maximum pH

The ambient stream pH based on 40

years of sampling was used in lieu of

the single effluent sample provided in

the application. Because the effluent
is non-contact cooling water

10% Maximum pH

withdrawn from the river and there is
no chemical adjustment of pH, the
stream values are considered a more
conservative input. In addition, the
single sample effluent value is within
the ambient range.

Discharge Flow

Tidal Default Mixing Ratios

Data Location:
Flow Frequency Analysis

— Attachment 3

DMR Data — Attachment 4

App Data — Attachment 4
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10/26/2011 5:38:54 PM

Facility = Chesterfield Power Station- Outfall 001
Chemical = Ammonia
Chronic averaging period = 30

WLAa = 20.3
WLAc = 52.5
QL =0.1

# samples/mo.
# samples/wk.

1
1
Summary of Statistics:

# observations = 1

Expected Value = .100

Variance = .0036

C.V. =0.6

97th percentile daily values = .243341

97th percentile 4 day average = .166379

97th percentile 30 day average= .120605
#<Q.L =0

Model used = BPJ Assumptions, type 2 data

No Limit is required for this material
The data are:

0.100

The evaluation above is expressed in mg/L. As
shown, reasonable potential to violate in stream
WQS does not exist. Consequently, a limitation is
not required at this time.

11/20/2011 10:10:29 AM

Facility = Chesterfield Power Station- Outfall 001
Chemical = TRC
Chronic averaging period = 4

WLAa = 38
WLAc = 550
Q.L. =100

# samples/mo. = 4
# samples/wk. = 1

Summary of Statistics:

# observations = 1

Expected Value = 20000

Variance = 1440000

C.v. =0.6

97th percentile daily values = 48668.3

97th percentile 4 day average = 33275.8

97th percentile 30 day average= 24121.0
#<Q.L =0

Model used = BPJ Assumptions, type 2 data

A limit is needed based on Acute Toxicity
Maximum Daily Limit = 38

Average Weekly limit = 38

Average Monthly LImit = 25.9815774306533

The data are:

20000

The evaluation above is expressed in ug/L.
According to GM00-2011, because chlorine is a
known toxicant purposefully introduced to the
effluent., a reasonable potential analysis is not
needed to establish the potential to violate WQS.
Instead, a limitation is forced by entering a datum
of 20,000 ug/L. As shown above, a limitation is
needed based on acute toxicity.



10/26/2011 4:57:25 PM

Facility = Chesterfield Power Station- Outfall 001
Chemical = Dissolved Copper
Chronic averaging period = 4

WLAa = 21
WLAc = 320
Q.L. =1

# samples/mo.
# samples/wk.

1
1
Summary of Statistics:

# observations = 2

Expected Value = 1.16619

Variance = .4896

C.V. =0.6

97th percentile daily values = 2.83782

97th percentile 4 day average = 1.94029

97th percentile 30 day average= 1.40648
#<Q.L =1

Model used = BPJ Assumptions, Type 1 data

No Limit is required for this material
The data are:

6
0

The limitation above is expressed in ug/L. As
shown, reasonable potential to violate in stream
WQS does not exist. Consequently, a limitation is
not required at this time.

10/26/2011 5:09:00 PM

Facility = Chesterfield Power Station- Outfall 001
Chemical = Dissolved Zinc
Chronic averaging period = 4

WLAa = 190
WLAc = 4200
QL =10

# samples/mo.
# samples/wk.

1
1
Summary of Statistics:

# observations = 1

Expected Value = 13

Variance = 60.84

C.vV. =0.6

97th percentile daily values = 31.6344

97th percentile 4 day average = 21.6292

97th percentile 30 day average= 15.6786
#<Q.L =0

Model used = BPJ Assumptions, type 2 data

No Limit is required for this material
The data are:
13

The limitation above is expressed in ug/L. As
shown, reasonable potential to violate in stream
WQS does not exist. Consequently, a limitation is
not required at this time.



10/26/2011 5:48:35 PM

Facility = Chesterfield Power Station- Outfall 001
Chemical = Chlorides

Chronic averaging period = 4

WLAa = 1700000

WLAc = 12000000

Q.L. =100

# samples/mo. = 1

# samples/wk. = 1

Summary of Statistics:

# observations = 1

Expected Value = 30440

Variance = 3335736

C.V. =0.6

97th percentile daily values = 74073.2

97th percentile 4 day average = 50645.7

97th percentile 30 day average= 36712.2
#<Q.L =0

Model used = BPJ Assumptions, type 2 data

No Limit is required for this material

The data are:

30440

The limitation above is expressed in ug/L. As
shown, reasonable potential to violate in stream
WQS does not exist. Consequently, a limitation is
not required at this time.

10/26/2011 5:04:37 PM

Facility = Chesterfield Power Station- Outfall 001
Chemical = Dissolved Mercury
Chronic averaging period = 4

WLAa = 2.8
WLAc = 39
Q.L. =0.0006

# samples/mo. = 1
# samples/wk. = 1

Summary of Statistics:

# observations = 1

Expected Value = .00064

Variance = .000000

C.v. =0.6

97th percentile daily values = .001557

97th percentile 4 day average = .001064

97th percentile 30 day average= .000771
#<Q.L =0

Model used = BPJ Assumptions, type 2 data

No Limit is required for this material

The data are:

0.00064

The limitation above is expressed in ug/L. As
shown, reasonable potential to violate in stream
WQS does not exist. Consequently, a limitation is
not required at this time.



10/26/2011 5:43:33 PM

Facility = Chesterfield Power Station-Outfall 002
Chemical = Ammonia
Chronic averaging period = 30

WLAa = 20.3
WLAc = 52.5
Q.L. =.05

# samples/mo. = 1
# samples/wk. = 1

Summary of Statistics:

# observations = 1

Expected Value = .07

Variance = .001764

C.V. =0.6

97th percentile daily values = .170339

97th percentile 4 day average = .116465

97th percentile 30 day average= .084423
#<Q.L. =0

Model used = BPJ Assumptions, type 2 data

No Limit is required for this material

The data are:

0.070

The evaluation above is expressed in mg/L. As
shown, reasonable potential to violate in stream
WQS does not exist. Consequently, a limitation is
not required at this time.

11/20/2011 10:10:29 AM

Facility = Chesterfield Power Station- Outfall 002
Chemical = TRC
Chronic averaging period = 4

WLAa = 38
WLAc = 550
Q.L. =100

# samples/mo. = 4
# samples/wk. = 1

Summary of Statistics:

# observations = 1

Expected Value = 20000

Variance = 1440000

C.V. =0.6

97th percentile daily values = 48668.3

97th percentile 4 day average = 33275.8

97th percentile 30 day average= 24121.0
#<Q.L =0

Model used = BPJ Assumptions, type 2 data

A limit is needed based on Acute Toxicity
Maximum Daily Limit = 38

Average Weekly limit = 38

Average Monthly LImit = 25.9815774306533

The data are:

20000

The evaluation above is expressed in ug/L.
According to GM00-2011, because chlorine is a
known toxicant purposefully introduced to the
effluent., a reasonable potential analysis is not
needed to establish the potential to violate WQS.
Instead, a limitation is forced by entering a datum
of 20,000 ug/L. As shown above, a limitation is
needed based on acute toxicity.



10/26/2011 5:52:08 PM

Facility = Chesterfield Power Station- Outfall 002
Chemical = Dissolved Copper
Chronic averaging period = 4

WLAa = 21
WLAc = 320
Q.L. =1

# samples/mo. = 1
# samples/wk. = 1

Summary of Statistics:

# observations = 2

Expected Value = 8.5

Variance = 26.01

C.V. =0.6

97th percentile daily values = 20.6840

97th percentile 4 day average = 14.1422

97th percentile 30 day average= 10.2514
#<Q.L. =0

Model used = BPJ Assumptions, type 2 data

No Limit is required for this material
The data are:

13
4

The evaluation above is expressed in mg/L. As
shown, reasonable potential to violate in stream
WQS does not exist. Consequently, a limitation is
not required at this time.

10/26/2011 5:55:53 PM

Facility = Chesterfield Power Station- Outfall 002
Chemical = Dissolved Zinc
Chronic averaging period = 4

WLAa = 190
WLAc = 4200
QL =10

# samples/mo. = 1
# samples/wk. = 1

Summary of Statistics:

# observations = 1

Expected Value = 26

Variance = 243.36

C.vV. =0.6

97th percentile daily values = 63.2688

97th percentile 4 day average = 43.2585

97th percentile 30 day average= 31.3573
#<Q.L =0

Model used = BPJ Assumptions, type 2 data

No Limit is required for this material
The data are:

26

The evaluation above is expressed in mg/L. As
shown, reasonable potential to violate in stream
WQS does not exist. Consequently, a limitation is
not required at this time.



10/26/2011 5:54:01 PM

Facility = Chesterfield Power Station- Outfall 002
Chemical = Dissolved Mercury
Chronic averaging period = 4

WLAa = 2.8
WLAc = 39
Q.L. =0.0001

# samples/mo. = 1
# samples/wk. = 1

Summary of Statistics:

# observations = 1

Expected Value = .00094

Variance = .000000

C.V. =0.6

97th percentile daily values = .002287

97th percentile 4 day average = .001563

97th percentile 30 day average= .001133
#<Q.L =0

Model used = BPJ Assumptions, type 2 data

No Limit is required for this material

The data are:

0.00094

The evaluation above is expressed in mg/L. As
shown, reasonable potential to violate in stream
WQS does not exist. Consequently, a limitation is
not required at this time.

10/26/2011 5:50:00 PM

Facility = Chesterfield Power Station- Outfall 002
Chemical = Chlorides

Chronic averaging period = 4

WLAa = 1700000

WLAc = 12000000

Q.L. =100

# samples/mo. = 1

# samples/wk. = 1

Summary of Statistics:

# observations = 1

Expected Value = 32010

Variance = 3688704

C.V. =0.6

97th percentile daily values = 77893.6

97th percentile 4 day average = 53257.9

97th percentile 30 day average= 38605.7
#<Q.L. =0

Model used = BPJ Assumptions, type 2 data

No Limit is required for this material

The data are:

32010

The evaluation above is expressed in mg/L. As
shown, reasonable potential to violate in stream
WQS does not exist. Consequently, a limitation is
not required at this time.
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b. Reasonable Potential Analysis for Outfall 003

Effluent limitations for parameters submitted with the application were evaluated in accordance with DEQ
Guidance Memo 00-2011. All observed pollutants and pollutants reported less than QLs that exceeded
the agency accepted values were evaluated for reasonable potential to violate in stream water quality
standards. Pollutants that were reported less than a DEQ accepted QL were considered absent for the
purposes of this evaluation.

MSTRANTI (version 2b), a DEQ developed spreadsheet was used to calculate Waste Load Allocations
(WLAs) based on mixed conditions. Stream data, effluent data and mixing ratios were entered into
MSTRANTI to determine the WLAs.

Like Outfalls 001 and 002, Outfall 003 discharges to the tidal James River. However, because Outfall 003
discharges a large volume of water at the head of Farrar Gut, it creates free flowing stream characteristics in
a tidal water body. Historically, discharges to Farrar Gut have been evaluated as if to a free-flowing stream
because of this discharge. This approach remains appropriate and will be carried forward in the permit
reissuance. Because the Outfall 003 discharge creates the free flowing stream condition, it is evaluated as
if discharging to a dry ditch with zero flow. This represents a more conservative analysis than assuming
tidal defaults.

STATS.EXE (version 2.0.4) is then used to evaluate reasonable potential and calculate a limitation if
needed. WLAs, monitoring frequencies and reported effluent pollutant concentrations are input in
STATS.EXE to evaluate each pollutant individually. Because chlorine is purposefully introduced in to the
effluent, TRC limitations were forced using an assumed datum. As shown in the STATS outputs included
in this section, no other limitations are needed to protect ambient aquatic Water Quality Standards at
Outfall 003.

For parameters with standards based on Human Health (HH), the maximum observed values were
compared to the HH WLAs calculated in MSTRANTI. The receiving stream is not designated as a PWS, so
the HH PWS standards do not apply to this discharge. However, the PWS WLAs were calculated for
illustrative purposes. Observed concentrations of iron and manganese exceed the Human Health PWS
WLASs, but iron and manganese are aesthetic parameters and apply only at the PWS intake. Consequently,
limitations for iron and manganese are not required at this time. As shown in the table below, all of the other
observed values are less than the WLAs; therefore, no limitations are needed for these parameters to
protect human health.

In the application, the values reported for Beta Particle and Photon Activity are in units of activity (i.e.
pCi/L) whereas the applicable water quality standard is an exposure in terms of mrem/yr. The EPA has
established this same standard for community potable water systems. EPA guidance states that
compliance with the potable water standard may be assumed if the average annual concentration of Beta
Particle and Photon Activity is less than 50 pCi/L (Radionuclides in Drinking Water: A Small Entity
Compliance Guide. EPA 815-R-02-001, February 2002.;
http://www.epa.qov/safewater/radionuclides/compliancehelp.html). Consequently, the reported
concentration of Beta Particle and Photon Activity is considered to meet the applicable water quality
standards. Pollutants without an applicable standard cannot be evaluated at this time.

Human Health WLA Reasonable
Pollutant Observed Potential
Values PWS All Other Waters (Y/N)
Dissolved Copper (ug/L) | 2.00 1300 N
Chloroform (ug/L) 1.60 340 11000 N
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Human Health WLA Reasonable
Pollutant Observed Potential
Values PWS All Other Waters (Y/N)
Beta Particle & Photon 323 4.0 N
Activity (pCi/L) ) mrem/year
Chlorides (ug/L) 32060 250000 N
E. coli (N/100mL) 30 126 126 N
Dissolved Barium (ug/L) | 121* 2000 N
Dissolved Iron (ug/L) 560* 300 Y
Dissolved Manganese 60 50 v
(Hg/L)
Sulfate (mg/L) 57.2 250 N

* Observed values are expressed in terms of total rather than dissolved.




MSTRANTI DATA SOURCE REPORT

(Chesterfield Power Station: Outfall 003)

Stream Information

Mean Hardness

90% Temperature (annual)

90% Temperature (wet season)

90% Maximum pH

Refer to Outfall 003 Effluent Information

10% Maximum pH

Tier Designation

Flow Frequency Memo (9/16/09)

Stre

am Flows

All Data

Per the Flow Frequency Memo
(9/16/09), effluent flow from outfall 003
dominates the tidal receiving stream,
Farrar Gut. Consequently, Farrar Gut is
treated as a free flowing stream with
Outfall 003 being the head of the
stream. Ambient flows of zero are used
as a conservative assumption.

Mixing

Information

All percentages

100% mix assumed because effluent
flow from Outfall 003 dominates the tidal

flow within Farrar Gut.

Effluent Information

Mean Hardness

App Data

90% Temperature (annual)

90" percentile of the max temperature
reported on the monthly DMRs over the
last three years.

90% Temperature (wet season)

NA

90% Maximum pH

The ambient stream pH based on 40
years of sampling (2-JMS099.30) was
used in lieu of the single effluent sample
provided in the application. Because
the effluent is non-contact cooling water




withdrawn from the river and there is no
chemical adjustment of pH, the stream
values are considered a more
conservative input. In addition, the
single sample effluent value is within the
ambient range.

10% Maximum pH

Max Daily Flow reported in the

Discharge Flow o
application.

Data Location:
Flow Frequency Analysis — Attachment 3
DMR Data — Attachment 4
App Data — Attachment 4
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10/29/2011 1:21:59 PM

Facility = Chesterfield Power Station- Outfall 003
Chemical = Ammonia
Chronic averaging period = 30

WLAa = 10.1
WLAc = 0.230
QL. =0.08

# samples/mo. = 1
# samples/wk. = 1

Summary of Statistics:

# observations = 1

Expected Value = .08

Variance = .002304

C.V. =0.6

97th percentile daily values = .194673

97th percentile 4 day average = .133103

97th percentile 30 day average= .096484
#<Q.L =0

Model used = BPJ Assumptions, type 2 data

No Limit is required for this material

The data are:

0.080

The evaluation above is expressed in mg/L. As
shown, reasonable potential to violate in stream
WQS does not exist. Consequently, a limitation is
not required at this time.

12/7/2011 1:39:23 PM

Facility = Chesterfield Power Station- Outfall 003
Chemical = TRC
Chronic averaging period = 4

WLAa = 19
WLAc = 11
QL =0.1

# samples/mo. = 4
# samples/wk. = 1

Summary of Statistics:

# observations = 1

Expected Value = 20000

Variance = 1440000

C.V. =0.6

97th percentile daily values = 48668.3

97th percentile 4 day average = 33275.8

97th percentile 30 day average= 24121.0
#<Q.L =0

Model used = BPJ Assumptions, type 2 data

A limit is needed based on Chronic Toxicity
Maximum Daily Limit = 16.0883226245855
Average Weekly Limit = 16.0883226245856
Average Monthly Limit = 11

The data are:

20000

The evaluation above is expressed in ug/L.
According to GM00-2011, because chlorine is a
known toxicant purposefully introduced to the
effluent., a reasonable potential analysis is not
needed to establish the potential to violate WQS.
Instead, a limitation is forced by entering a datum
of 20,000 ug/L. As shown above, a limitation is
needed based on chronic toxicity.



10/29/2011 1:26:05 PM

Facility = Chesterfield Power Station- Outfall 003
Chemical = Dissolved copper
Chronic averaging period = 30

WLAa = 14
WLAc = 93
QL. =

# samples/mo. = 1
# samples/wk. = 1
Summary of Statistics:

# observations = 1

Expected Value = 2

Variance = 144

C.V. =0.6

97th percentile daily values = 4.86683

97th percentile 4 day average = 3.32758

97th percentile 30 day average= 2.41210
#<Q.L =0

Model used = BPJ Assumptions, type 2 data

No Limit is required for this material

The data are:

The evaluation above is expressed in ug/L. As
shown, reasonable potential to violate in stream
WQS does not exist. Consequently, a limitation is
not required at this time.

10/29/2011 1:28:25 PM

Facility = Chesterfield Power Station- Outfall 003
Chemical = Dissolved mercury
Chronic averaging period = 4

WLAa =14
WLAc = 0.77
Q.L.  =0.0001

# samples/mo. = 1
# samples/wk. = 1

Summary of Statistics:

# observations = 1

Expected Value = .00116

Variance = .000000

C.V. =0.6

97th percentile daily values = .002822

97th percentile 4 day average = .001929

97th percentile 30 day average= .001399
#<Q.L =0

Model used = BPJ Assumptions, type 2 data

No Limit is required for this material

The data are:

0.00116

The evaluation above is expressed in ug/L. As
shown, reasonable potential to violate in stream
WQS does not exist. Consequently, a limitation is
not required at this time.



10/29/2011 1:40:40 PM

Facility = Chesterfield Power Station- Outfall 003
Chemical = chlorides

Chronic averaging period = 4

WLAa = 860000

WLAc = 230000

QL. =100

# samples/mo. = 1

# samples/wk. = 1

Summary of Statistics:

# observations = 1

Expected Value = 32060

Variance = 3700236

C.V. =0.6

97th percentile daily values = 78015.3

97th percentile 4 day average = 53341.1

97th percentile 30 day average= 38666.0
#<Q.L =0

Model used = BPJ Assumptions, type 2 data

No Limit is required for this material

The data are:

32060

The evaluation above is expressed in ug/L. As
shown, reasonable potential to violate in stream
WQS does not exist. Consequently, a limitation is
not required at this time.
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c. Reasonable Potential Analysis for Outfalls 004 and 005

Effluent limitations for parameters submitted with the application were evaluated in accordance with DEQ
Guidance Memo 00-2011. All observed pollutants and pollutants reported less than QLs that exceeded
the agency accepted values were evaluated for reasonable potential to violate in stream water quality
standards. Pollutants that were reported less than a DEQ accepted QL were considered absent for the
purposes of this evaluation.

MSTRANTI (version 2b), a DEQ developed spreadsheet was used to calculate Waste Load Allocations
(WLAs) based on mixed conditions. Stream data, effluent data and mixing ratios were entered into
MSTRANTI to determine the WLAs.

Outfall 004 discharges to the upper end of Farrar Gut (river mile 3.75). Outfall 005 discharges to Farrar Gut
near its confluence with the James River (river mile 0.37). As explained in Part b. of this Attachment,
discharges to Farrar Gut are evaluated as if discharging to a free flowing stream consisting of the Outfall
003 discharge. Permit limitations are based on conservative low flow conditions, in which the effluent has
the greatest potential to impact the receiving stream. Consequently, the 10" percentile of the 30 day
average flows reported on the DMRs was used as the ambient flow. This analysis treats Outfalls 004 and
005 as a single discharge to the upper end of Farrar Gut. The highest of the maximum of the 30 day
average values from the DMR, average of the 30 day max values from the DMR, or the 30 day max average
values reported on Form 2C was selected for each outfall and then summed to establish the effluent flow.
Based on the hydraulic dynamics and turbulence at the head of the Gut, 100% mix is assumed. This
approach of evaluating the discharges together and choosing the most conservative inputs to MSTRANTI
generates conservative WLAs for the subsequent reasonable potential analysis and is consistent with the
2004 permitting approach.

STATS.EXE (version 2.0.4) was then used to evaluate reasonable potential and calculate a limitation if
needed. WLAs, monitoring frequencies and reported effluent pollutant concentrations were input in
STATS.EXE to evaluate each pollutant individually. As shown in the STATS outputs included in this
section, no limitations other than ammonia are needed to protect ambient aquatic Water Quality
Standards at Outfalls 004 and 005.

In the 2004 permit ammonia concentration limitations were established because ammonia was a toxic
pollutant purposefully introduced in the effluent. A limitation was forced in STATS.exe and assigned in
the 2004 permit. Due to changes in the ambient and effluent flows since 2004, the ammonia WLAs for
this reissuance are lower than the 2004 WLAs. An ammonia limitation was once again forced using the
new WLAs, and the resultant limitations are more stringent than the 2004 limitations. Effluent data
reported since 2005 indicate compliance with the proposed more stringent effluent limitations.
Consequently, a compliance schedule is not appropriate. The new limitations will become effective upon
permit reissuance. An ammonia limitation was not assigned for Outfall 005 in 2004 because it was not
anticipated that a significant amount of ammonia would transfer to the New Ash Pond with dredging
activity. Monitoring required during the 2004 permit term has confirmed this assumption and no further
monitoring is warranted for Outfall 005 in the permit reissuance.

For parameters with standards based on Human Health (HH), the maximum observed values were
compared to the HH WLAs calculated in MSTRANTI. The receiving stream is not designated as a PWS, so
the HH PWS standards do not apply to this discharge. However, the PWS WLAs were calculated for
illustrative purposes. As shown in the table below, all of the observed values were several orders of
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magnitude less than the WLAs; therefore, no limitations are needed for these parameters to protect human
health. Pollutants without an applicable standard cannot be evaluated at this time.

Pollutant Observed Value Human Health WLA Reaso_nable
Outfall 004 Outfall 005 | PWS All Other Waters | Potential (Y/N)

Dissolved Antimony (ug/L) 8.00 150 17000 N

Dissolved Arsenic (ug/L) 41.00 5.00 260 N

Dissolved Cadmium (ug/L) 1.10 130 N

Total Chromium (ug/L) 2.00 2600 N

Dissolved Copper (ug/L) 8.00 34000 N

Dissolved Nickel (ug/L) 25.00 16000 120000 N

Total Selenium (ug/L) 19 6 4500 110000 N

Dissolved Thallium (ug/L) 0.50 0.50 6.3 12 N

Dissolved Zinc (ug/L) 26.00 200000 690000 N

Dissolved Barium (ug/L) 343* 177* 53000 N

Dissolved Iron (ug/L) 70* 390* 7900 N

Dissolved Manganese (ug/L) | 80* 80* 1300 N

Sulfate (mg/L) 150.31 76.58 6600 N

Beta Particle & Photon 288 110 N

Activity (pCi/L) ) mrem/year

Gross Alpha Particle Activity

(pGi/L) 4.44 400 N

Chlorides (ug/L) 118320 4840 6600000

* Observed values are expressed in terms of total rather than dissolved.




MSTRANTI DATA SOURCE REPORT

(Chesterfield Power Station: Outfall 004 & 005)

Stream Information

Mean Hardness

90% Temperature (annual)

90% Temperature (wet season)

90% Maximum pH

Refer to Outfall 003 Effluent Information

10% Maximum pH

Tier Designation

Flow Frequency Memo (9/16/09)

Stre

am Flows

All Data

Per the Flow Frequency Memo
(9/16/09), effluent flow from outfall 003
dominates the tidal receiving stream,
Farrar Gut. Consequently, the 10"
percentile of the reported discharge
flows from outfall 003 is used for a
conservative analysis of outfalls 004 &
005.

Mixing

Information

All percentages

Assume complete mix.

Effluent Information

Mean Hardness

The lesser of the two values provided in
the application for Outfalls 004 and 005.

90% Temperature (annual)

Max temperature reported on the
Application serves as a surrogate for
P90. Given the limited data set, the
max value is the best estimate
available. The max value reported for
Outfall 004 is used in this analysis
because it is the higher value and the
more conservative input.

90% Temperature (wet season)

NA




90% Maximum pH

10% Maximum pH

90th percentile of the max pH from
Outfall 004 (higher of the two) and 10™
percentile of the max pH from Outfall 004
(lower of the two). This approach is
considered most conservative because it
provides for the full range of pH values
from the two outfalls.

Discharge Flow

Sum of the flows from 004 and 005
(greater of the max monthly average
flow and average daily max flow)
reported on the DMRs. This sum is
greater than the sum of the max 30 day
values reported in the application for
outfalls 004 and 005; consequently
DMR data is used to be conservative.
15.3 MGD (004) + 4.83 MGD (005) =
20.13 MGD

Data Location:
Flow Frequency Analysis

— Attachment 3

DMR Data — Attachment 4

App Data — Attachment 4
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1/30/2013 10:10:54 AM

Facility = Chesterfield Power Station- Outfall 004

Chemical = Ammonia
Chronic averaging period = 30

WLAa = 264
WLAC = 6.33
QL =02

# samples/mo. = 4
# samples/wk. = 1

Summary of Statistics:

# observations = 1

Expected Value = 9

Variance = 29.16

C.V. =0.6

97th percentile daily values = 21.9007

97th percentile 4 day average = 14.9741

97th percentile 30 day average= 10.8544
#<Q.L. =0

Model used = BPJ Assumptions, type 2 data

A limit is needed based on Chronic Toxicity

Maximum Daily Limit =12.7718516913252
Average Weekly Limit =12.7718516913253
Average Monthly Limit = 8.73244351713122

The data are:

9.00

The evaluation above is expressed in mg/L.
Because ammonia is a toxicant purposefully
introduced to the effluent, an arbitrary datum of
9.00 mg/L is used to force a limitation. The
limitation above is more stringent than the 2004
ammonia limitations: 13 mg/L and 19 mg/L,
monthly average and daily max, respectively.
Consequently, the more stringent limitations are

applied in this reissuance (monthly average: 8.73

mg/L; daily max: 12.8 mg/L).

12/7/2011 2:43:10 PM

Facility = Chesterfield Power Station- Outfall 004
Chemical = chlorides
Chronic averaging period = 4
WLAa = 23000000

WLAc = 6100000

QL =1

# samples/mo. =1

# samples/wk. = 1

Summary of Statistics:

# observations = 1

Expected Value = 118320

Variance = 5039864

C.V. =0.6

97th percentile daily values = 287921.

97th percentile 4 day average = 196859.

97th percentile 30 day average= 142700.
#<Q.L. =0

Model used = BPJ Assumptions, type 2 data

No Limit is required for this material
The data are:
118320

The evaluation above is expressed in pg/L. As
shown, reasonable potential to violate the in
stream WQS does not exist. Consequently, a
limitation is not needed at this time.



12/7/2011 2:24:02 PM

Facility = Chesterfield Power Station- Outfall 004

Chemical = Dissolved Arsenic
Chronic averaging period = 4
WLAa = 9000

WLAc = 4000

QL =10

# samples/mo. = 1

# samples/wk. = 1

Summary of Statistics:

# observations = 1

Expected Value = 41

Variance = 605.16

C.V. =0.6

97th percentile daily values = 99.7701

97th percentile 4 day average = 68.2153

97th percentile 30 day average= 49.4481
#<Q.L. =0

Model used = BPJ Assumptions, type 2 data

No Limit is required for this material

The data are:

41

The evaluation above is expressed in pg/L. As
shown, reasonable potential to violate the in
stream WQS does not exist. Consequently, a
limitation is not needed at this time.

12/7/2011 2:25:24 PM

Facility = Chesterfield Power Station- Outfall 004
Chemical = Dissolved Cadmium
Chronic averaging period = 4

WLAa = 110
WLAc = 31
QL =1

# samples/mo. =1
# samples/wk. = 1

Summary of Statistics:

# observations = 1

Expected Value = 1.1

Variance = .4356

C.V. =0.6

97th percentile daily values = 2.67675

97th percentile 4 day average = 1.83016

97th percentile 30 day average= 1.32665
#<Q.L. =0

Model used = BPJ Assumptions, type 2 data

No Limit is required for this material

The data are:

1.10

The evaluation above is expressed in pg/L. As
shown, reasonable potential to violate the in
stream WQS does not exist. Consequently, a
limitation is not needed at this time.



12/7/2011 3:16:09 PM

Facility = Chesterfield Power Station- Outfall 004

Chemical = dissolved chromium
Chronic averaging period = 4

WLAa = 420
WLAC = 290
QL =1

# samples/mo. = 1
# samples/wk. =1

Summary of Statistics:

# observations = 1

Expected Value = 2

Variance = 1.44

C.V. =0.6

97th percentile daily values = 4.86683

97th percentile 4 day average = 3.32758

97th percentile 30 day average= 2.41210
#<Q.L. =0

Model used = BPJ Assumptions, type 2 data

No Limit is required for this material

The data are:

2.00

The evaluation above is expressed in pg/L. The
dissolved hexavalent chromium (with the most
stringent WLA) was used in this analysis to be
conservative. As shown, reasonable potential to
violate the in stream WQS does not exist.
Consequently, a limitation is not needed at this
time.

12/7/2011 2:27:21 PM

Facility = Chesterfield Power Station- Outfall 004
Chemical = Dissolved Copper
Chronic averaging period = 4

WLAa = 370
WLAC = 250
QL =1

# samples/mo. =1
# samples/wk. = 1

Summary of Statistics:

# observations = 1

Expected Value = 8

Variance = 23.04

C.V. =0.6

97th percentile daily values = 19.4673

97th percentile 4 day average = 13.3103

97th percentile 30 day average= 9.64842
#<Q.L. =0

Model used = BPJ Assumptions, type 2 data

No Limit is required for this material

The data are:

8.00

The evaluation above is expressed in pg/L. As
shown, reasonable potential to violate the in
stream WQS does not exist. Consequently, a
limitation is not needed at this time.



12/7/2011 2:28:42 PM

Facility = Chesterfield Power Station- Outfall 004

Chemical = Dissolved Nickel
Chronic averaging period = 4
WLAa = 5000

WLAc = 560

QL =1

# samples/mo. = 1

# samples/wk. = 1

Summary of Statistics:

# observations = 1

Expected Value = 25

Variance = 225

C.V. =0.6

97th percentile daily values = 60.8354

97th percentile 4 day average = 41.5947

97th percentile 30 day average= 30.1513
#<Q.L. =0

Model used = BPJ Assumptions, type 2 data

No Limit is required for this material

The data are:

25.00

The evaluation above is expressed in pg/L. As
shown, reasonable potential to violate the in
stream WQS does not exist. Consequently, a
limitation is not needed at this time.

12/7/2011 2:38:35 PM

Facility = Chesterfield Power Station- Outfall 004
Chemical = Total Recoverable Selenium
Chronic averaging period = 4

WLAa = 530
WLAc = 130
QL =1

# samples/mo. =1
# samples/wk. = 1

Summary of Statistics:

# observations = 1

Expected Value = 19

Variance = 129.96

C.V. =0.6

97th percentile daily values = 46.2349

97th percentile 4 day average = 31.6120

97th percentile 30 day average= 22.9150
#<Q.L. =0

Model used = BPJ Assumptions, type 2 data

No Limit is required for this material

The data are:

19

The evaluation above is expressed in pg/L.



12/7/2011 2:41:51 PM

Facility = Chesterfield Power Station- Outfall 004

Chemical = dissolved zinc
Chronic averaging period = 4
WLAa = 3200

WLAc = 3300

QL =1

# samples/mo. = 1

# samples/wk. = 1

Summary of Statistics:

# observations = 1

Expected Value = 26

Variance = 243.36

C.V. =0.6

97th percentile daily values = 63.2688

97th percentile 4 day average = 43.2585

97th percentile 30 day average= 31.3573
#<Q.L. =0

Model used = BPJ Assumptions, type 2 data

No Limit is required for this material

The data are:

26.00

The evaluation above is expressed in pg/L. As
shown, reasonable potential to violate the in
stream WQS does not exist. Consequently, a
limitation is not needed at this time.

12/7/2011 2:44:23 PM

Facility = Chesterfield Power Station- Outfall 004
Chemical = tributyltin
Chronic averaging period = 4

WLAa = 12
WLAC = 1.9
QL =001

# samples/mo. =1
# samples/wk. = 1

Summary of Statistics:

# observations = 1

Expected Value = .032

Variance = .000368

C.V. =0.6

97th percentile daily values = .077869

97th percentile 4 day average = .053241

97th percentile 30 day average= .038593
#<Q.L. =0

Model used = BPJ Assumptions, type 2 data

No Limit is required for this material

The data are:

0.032

The evaluation above is expressed in pg/L. As
shown, reasonable potential to violate the in
stream WQS does not exist. Consequently, a
limitation is not needed at this time.



12/9/2011 3:44:09 PM

Facility = Chesterfield Power Station-Outfall 005
Chemical = Ammonia
Chronic averaging period = 30

WLAa = 264
WLAc = 6.33
QL. =0.01

# samples/mo. = 4
# samples/wk. = 1

Summary of Statistics:

# observations = 8

Expected Value = .014018

Variance = .000070

C.V. =0.6

97th percentile daily values = .034112

97th percentile 4 day average = .023323

97th percentile 30 day average= .016906
#<Q.L =3

Model used = BPJ Assumptions, Type 1 data

No Limit is required for this material

The data are:

0.06
0
0.07
0.05
0
0
0.01
0.07

The evaluation above is expressed in mg/L. Data

used in this analysis were reported in the 2009
application and the last five years of DMRs. All
“less than QL” data are treated as zeros. As
shown, reasonable potential to violate the in
stream WQS does not exist. Consequently, a
limitation is not needed at this time.

12/7/2011 5:32:51 PM

Facility = Chesterfield Power Station-Outfall 005
Chemical = Chlorides

Chronic averaging period = 4

WLAa = 23000000

WLAc = 6100000

Q.L. =1

# samples/mo.
# samples/wk.

1
1
Summary of Statistics:

# observations = 1

Expected Value = 4840

Variance = 8433216

C.V. =0.6

97th percentile daily values = 11777.7

97th percentile 4 day average = 8052.74

97th percentile 30 day average= 5837.29
#<Q.L. =0

Model used = BPJ Assumptions, type 2 data

No Limit is required for this material
The data are:
4840

The evaluation above is expressed in ug/L. As
shown, reasonable potential to violate the in
stream WQS does not exist. Consequently, a
limitation is not needed at this time.



12/7/2011 5:56:22 PM

Facility = Chesterfield Power Station- Outfall 005

Chemical = Total Recoverable Selenium
Chronic averaging period = 4

WLAa = 530
WLAc = 130
QL. =1

# samples/mo. = 1
# samples/wk. = 1

Summary of Statistics:

# observations = 1

Expected Value = 6

Variance = 12.96

C.V. =0.6

97th percentile daily values = 14.6005

97th percentile 4 day average = 9.98274

97th percentile 30 day average= 7.23631
#<Q.L =0

Model used = BPJ Assumptions, type 2 data

No Limit is required for this material

The data are:

The evaluation above is expressed in ug/L. As
shown, reasonable potential to violate the in
stream WQS does not exist. Consequently, a
limitation is not needed at this time.

12/7/2011 5:26:01 PM

Facility = Chesterfield Power Station-Outfall 005
Chemical = Dissolved Arsenic
Chronic averaging period = 4

WLAa = 9000
WLAc = 4000
QL. =1

# samples/mo.
# samples/wk.

1
1
Summary of Statistics:

# observations = 1

Expected Value = 5

Variance =9

C.V. =0.6

97th percentile daily values = 12.1670

97th percentile 4 day average = 8.31895

97th percentile 30 day average= 6.03026
#<Q.L =0

Model used = BPJ Assumptions, type 2 data

No Limit is required for this material
The data are:
5.00

The evaluation above is expressed in ug/L. As
shown, reasonable potential to violate the in
stream WQS does not exist. Consequently, a
limitation is not needed at this time.



12/7/2011 5:36:27 PM

Facility = Chesterfield Power Station
Chemical = Tributyltin
Chronic averaging period = 4

WLAa = 12
WLAc = 1.9
QL. =0.01

# samples/mo. = 1
# samples/wk. = 1

Summary of Statistics:

# observations = 1

Expected Value = .03

Variance = .000324

C.V. =0.6

97th percentile daily values = .073002

97th percentile 4 day average = .049913

97th percentile 30 day average= .036181
#<Q.L =0

Model used = BPJ Assumptions, type 2 data

No Limit is required for this material

The data are:

0.030

The evaluation above is expressed in ug/L. As
shown, reasonable potential to violate the in
stream WQS does not exist. Consequently, a
limitation is not needed at this time.
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d. Ammonia Limitations

In order to comply with Nitrogen Oxide (NOx) emission requirements under the Clean Air Act (CAA),
Dominion has installed state-of-the-art Selective Catalytic Reduction (SCR) technology on generating
units 4, 5 and 6. The SCRs became operational in 2002 (Unit 5), 2003 (Unit 4), and 2004 (Unit 6). SCR
is a post combustion process where ammonia is injected into the flue gas in the presence of a catalyst
and reacts with the NOx to form molecular nitrogen and water, which are emitted to the air. The catalyst
(vanadium pentoxide) is used to facilitate the chemical reaction. Unreacted ammonia is carried with the
flue gases through the duct system and may become deposited on fly ash as ammonium bisulfate. The
ammoniated fly ash is subsequently collected by electrostatic precipitators, is mixed with water from the
James River to form a sluice, and is then conveyed to the station’s old ash pond. At the pH of the sluice
water (typically approximately neutral) all of the ammonia associated with the fly ash is expected to
dissolve into the sluice water. Following settling of the ash, the remaining water is discharged through
Outfall 004 to Farrar Gut, which is a tributary to the James River.

A Letter of Agreement (LOA) between DEQ and Virginia Power became effective on June 14, 2002
authorizing use of the SCR on Unit 4. A monitoring action level of 41 kg/d daily maximum of ammonia
was established on Outfall 004. The LOA has a term of one year. In October 2003 a Consent Special
Order was executed with ammonia limitations for Outfall 004 of 34.1 kg/d monthly average and 68.2 kg/d
daily maximum. It was anticipated that those limitations would be adequate for the operation of the SCRs
on Units 4, 5 and 6.

Soon after the SCR on Unit 4 went into operation, it was observed that the Outfall 004 discharges of
ammonia had reached the limitations established in the Consent Order. Virginia Power realized that a
mistake had been made in estimating the amount of nitrogen that would be in the ammonia form in the
ash pond. Projecting all three SCRs in operation, Virginia Power requested that an ammonia limitation be
included in the 2004 permit of 520 Ibs/day (236 kg/d) monthly average based on the highest one-day
projection. To support that request, Dr. Wu-Seng Lung at the University of Virginia modeled the proposed
discharge using the Richmond Crater 208 model. Dr. Lung concluded that the proposed discharge of
ammonia would cause insignificant increases in ammonia in the main channel of the James River. He
also concluded that the water quality standards for ammonia would not be exceeded in the James. A
copy of Dr. Lung’s report and comments by DEQ staff are provided in Attachment 5.f. The requested
loading was applied as a daily maximum limitation in the Special Consent Order. Staff elected to
establish the limitation in the Consent Order rather than the permit so that a more appropriate limitation
for inclusion in the permit could be calculated after data that reflect actual operation of all three SCRs had
been collected. The Consent Order was executed May 28, 2005 and terminated May 1. 2007.

As noted above the third SCR went online in 2004 and data on Outfall 004 has been collected over the
2004 permit cycle. The data are summarized in Attachment 4. In addition, Dominion has since installed
Flue Gas Desulfurization for Sulfur Dioxide (SO2) as required for Units 5 and 6 by Dominion’s Consent
Decree with EPA before 2012 and 2010, respectively. The FGD wet scrubbing process will capture any
unreacted ammonia not captured by the SCR that would otherwise exit through the stack. The ammonia
is then concentrated by evaporation in the FGD and discharged through the FGD blowdown stream. This
contribution is reflected in the data collected since installation (Unit 6 online April 2008, Unit 5 online May
2011, Units 3 and 4 online December 2011).

The VPDES Watershed Permit Regulation for Total Nitrogen and Total Phosphorus Discharges and
Nutrient Trading in the Chesapeake Bay was issued in 2007. At Dominion’s request, Chesterfield Power
Station was recognized as a significant discharger and assigned a loading in the WQMP. The loadings
assigned (352,036 Ibs/year TN & 210 Ibs/year TP) represent the net loadings contributed by Outfalls 004
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and 005. These loadings are regulated through the Nutrient General Permit (VAN040086), which assigns
a combined loading to Outfalls 004 and 005. Ammonia is indirectly controlled through the TN allocation
implemented in the General Permit. Consequently, a separate ammonia loading limitation is not needed
in the individual permit. Ammonia toxicity is separately evaluated through the reasonable potential
analyses at each outfall as described in the preceding attachments.



Facility

Permit No.

Effluent pH

Effluent temperature
Effluent Flow
Stream flow

Acute Mix
Chronic Mix

Ammonia Acute Criteria
Without Trout
With Trout

Ammonia Chronic Criteria
Without Fish
With fish

1Q10

30Q10 | =

2004

Ammonia-N Waste Load Allocation

/Ente: facility info here |

MIN 0.20 2.85 0.20
MAX 0.20

Criteria
- 841
* 562

&

‘Use this data to calculate NH3 limits -

. 047
L& 017

Note:
Acute without trout equation
Acute with trout equation

Chronic without fish
Chronic with fish

0.411/1+10%(7.204-pH)) + 58.4/(1+10%(pH-7.204))
0.275/(1+104(7.204-pH)) + 39.0/(1+10%pH-7.204))

[0.0577/(1+107.688-pH)) + 2 487/(1+10M(pH-7.688))] x MAX
[0.0577/(1+10N7.688-pH)) + 2.4B7/(1+107(pH-7.688))] x MIN

where MIN = the fesser of 2.85 or 1.4510%(0.0287(25-T))
and MAX = 1.45*10%0.028"(25-T))




2004

Facility = VaP -- Chesterfield Outfall 004
Chemical = Ammonia :
Chronic averaging period = 30

WLAa = 456.5

WLAC = 9.35

Q.L. = .2

# samples/mo. = 4

# samples/wk. = 1

Summary of Statistics:

# observations = 1

Expected Value = 4.6

Variance = 7.6176

c.v. = 0.6

97th percentile daily values = 11.1937

97th percentile 4 day average = 7.65343

97th percentile 30 day average = 5.54784

¥ < Q.L. = b

Model used = BPJ Assumptions, type 2 data

No Limit is required for this material

The data are:

4.6

4.6 mg/L is the calculated concentration at a flow of 13.5 MGD (daily maximum
from DMEs) and a loading of 236 kg/d (loading requested by Virginia Power).



2004

Facility = VaP -- Chesterfield Outfall 004
Chemical = Ammonia

Chronic averaging period = 30

WLAa = 456.5

WLAC = 9.35

Q.L. = 22

# samples/mo. = 4

# samples/wk. = 1

Summary of Statistics:

# observations = 1

Expected Value = 8

Variance = 23.04

C.V: = 0.6

97th percentile daily values = 19.4673

97th percentile 4 day average = 13.3103
97th percentile 30 day average = 9.64842

# < Q.L. = 0

Model used = BPJ Assumptions, type 2 data

A limit is needed based on Chronic Toxicity

Maximum Daily Limit = 18.8652153734425
Average Weekly limit = 18.865215373442S
Average Monthly Limit = 12.8986329992381

The data are:
B

8 mg/L was used to force limitations. 8 mg/L is a totally arbitrary
concentration; higher concentrations would result in the same limitations.
Limitations were forced so that the permit will contain limitations protective
of the water quality standards for ammonia.
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e. Total Phosphorus

Outfalls 001 — 003 were assigned Total Phosphorus limitations several permit cycles ago in accordance
with the Policy for Nutrient Enriched Waters (VR 680-14-02, 1990). The James River was designated as
a Nutrient Enriched Water in the Water Quality Standards, but this designation has since been repealed.
The regulation for Nutrient Enriched Waters and Dischargers within the Chesapeake Bay Watershed
(9VAC25-40) subsequently promulgated in 2005, excludes noncontact cooling water and storm water
from the definition of “point source dischargers.” Outfalls 001-003 discharge non-contact cooling water,
which represents zero net addition of nutrients to the receiving stream. GMO07-2008 Amendment 2
outlines conditions under which it is appropriate to remove NEW based Total Phosphorus limitations from
individual permits of non-significant industrial facilities. Documentation that Outfalls 001-003 meet these
criteria is as follows:

1) The limit is technology-based,;

2) 9VAC25-40-30-D exempts facilities located in the Chesapeake Bay watershed from this limit;

3) The facility did not install treatment in order to comply with the limit;

4) The facility has not undertaken any process or site management changes in order to comply with
the limit, and

5) The discharges from Outfalls 001-003 do not contribute to this facility being a significant

discharger. At Dominion’s request, Chesterfield Power Station was recognized as a significant
discharger and assigned a loading in the WQMP. The loadings assigned (352, 036 Ibs/day TN &
210 Ibs/day TP) represent the net loadings contributed by Outfalls 004 and 005. These loadings
are regulated through the Nutrient General Permit (VAN040086), which assigns a combined
loading to Outfalls 004 and 005. Background contributions from the non-contact cooling water
outfalls 001-003 are not addressed in the GP coverage. Monitoring over the past three years
indicates that the TP concentrations observed at Outfalls 001-003 are well below the limitation of
2.0 mg/L.

6) In any subsequent expansion or process modification resulting in discharged annual net waste
loads at or above 2,300 pounds per year of TN or 300 Ibs/year of TP for Outfalls 001-003, the
facility will register these outfalls for WGP coverage and will have to fully offset any nutrient
contribution.

Consequently, TP limitations on Outfalls 001-003 will be removed in this permit reissuance.

Outfalls 004 and 005 will continue to be limited for TP and compliance with the loadings assigned in the
WQMP will be regulated through the Nutrient Trading General Permit.
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f.  Modeling Associated with SCR addition

i. Report from Dr. Wu-Seng Lung titled “Modeling Water Quality Impact of Dominion’s
Chesterfield Power Station” dated November 25, 2003.
i Email from Jennifer Palmore dated January 14, 2004.
iii. Email from Allan Brockenbrough dated January 20, 2004.
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EXECUTIVE SUMMARY

Due to air pollution control requirements, Dominion’s Chesterfield Power Station, located on -
the Upper James River Estuary near Hopewell, VA, will be installing air emission control
technology (Selective Catalytic Reduction, SCR) that may incidentally contribute additional
loads of ammonia and nitrate nitrogen into the river. A modeling study was conducted to
assess the impact of the Dominion’s Chesterfield Power Station on the receiving Water
quahty following the implementation of SCR.

Water quality management of the Upper James River Estuary is based on the Richmond-
Crater Water Quality Management Plan (RCWQMP} developed in 1989 by the Virginia State
Water Control Board. Wasteload allocations for 15 major point sources along the Upper
- James River Estuary were developed by RCWQMP using a water quality model, JMSRV. In
this study, JMSRV was used to assess the water quality impact. The model simulations were
designed to address the following questions: :

1. What are the ammonia and nitrate concentrations in the receiving water following the
installation of air emission control technology at Dominion’s Chesterfield Power Station?

2. Would the maximum allowable ammonia levels in the receiving water be maintained
with the projected ammonia loads from Dominion’s Chesterfield Power Station?

3. Can the dissolved oxygen standard of 5 mg/L still be met in the Upper James Estuary?

4. What would additional algal biomass {in chlorophyll 4) be under the projected nitrogen
loads (i.e., eutrophication impact)?

Model results presented in this report show very insignificant changes in ammonia and
nitrate concentrations in the receiving water with projected nitrogen loads from Dominion’s
Chesterfield Power Station. Most importantly, the ammonia and dissolved oxygen
standards will continue to be met in the Upper James River Estuary under the proposed
loading scenano Further, the impact on eutrophication is also insignificant.




Modeling Water Quality Impact of Dominion’s Chesterfield Power Station'

Introduction and Purpose

Due to air pollution control requirements, Dominion’s Chesterfield Power Station, located on
the James River Estuary near Hopewell, VA, will be installing air emission control
technology that may incidentally contribute additional loads of ammenia and nitrite/nitrate
mtrogen into the Upper James Estuary. While the additional nitrogen loads may cause a
slight increase in the inorganic mtrogen concentrations in the James River Estuary
immediately below the plant outfall, the primary focus is the impact on the dissolved oxygen
levels and ammeonia toxicity in the receiving water.

At the present time, wasteload allocations (WLA) in the Upper James Estuary (Figure 1) are
_ based on the Richmond-Crater Water Quality Management Plan (RCWQMP) developed in
1989. Under that Plan, carbonaceous biochemical oxygen demand (CBOD) and nutrient
loads from 15 major point sources along the Upper James Estuary and the Appomattox River
are allocated for years 1990, 2000, and 2010 using a water quality model, JMSRYV, calibrated
. by HydroQual, Inc. (1986).

The purpose of this modeling study is to quantify the effect of the increased nitrogen loads
from Dominion’s Chesterfield Power Station on dissolved oxygen and ammonia toxicity in
the Upper James Estuary using JMSRV. The model results will be submitted to the Virginia
Department of the Environmental Quality (VDEQ) as technical support information for the
Dominion’s Chesterfield Power Station’s permit renewal.

Potential Water Quality Impact
This water quality modeling study is designed to address the following questions:

1. What are the ammonia and nitrate concentrations in the receiving water following the
installation of air emission control technology at Dominion’s Chesterfield Power Station?

2. Would the maximum allowable ammonia levels in the receiving water be maintained

with the projected ammonia loads from Dominion’s Chesterfield Power Station?

Can the dissolved oxygen standard of 5 mg/L still be met in the Upper James Estuary?

4. What would additional algal biomass (in chlorophyll @) be under the projected nitrogen
loads (i.e., eutrophication impact)?

w2

Essentially, would the dissolved oxygen and ammonia standards in the ambient water be
met under the proposed loading scenario for Dominion’s Chesterfield Power Station? In
addition, the response of the Upper James River Estuary under the proposed loading
scenario is compared with that of the 1990 WLA under RCWQMP to quantlfy the water

m]ahty 1mpact

! Wu—Seﬂg Lung, PhD, PE, Professor of Civil Engineering, University of Virginia



. Figure 1. The“Upf)'e.r James Estuary and Major Point Spdrée

The RCWQOMP and Wasteload Allocations

The legal base of the wasteload allocations for the Upper James Estuary is the Richmond-
Crater Water Quality Management Plan published in 1989. The JMSRV model was used in
developing these wasteloads under that Plan. A comprehensive description of the model is
included in the appendix. Table 1 lists the wasteloads allocated for Dominion’s Chesterfield
Power Station’s VP004 outfall in RCWQMP (Virginia State Water Control Board, 1989).

Table 1. Wasteload Allocations for Chesterfield Power Station’s Outfall VP004

Flow | Org-N ‘ NH-N | NOpFN | Total N | Org-P | Inorg-P | TotalP | CBOD,. DO .
Season | (mgd) | (&/d) | (Ib/d) (b/d) (b/d) | (Ib/d) | (b/d) {ib/d) (Ib/d} | (mg/L)

Summer | 8.70 36 6’ 157° 199 3 1 4 189 5.8

Winter | 8.70 9 11° 19° 39 5 2 7 189 5.8

- equivalent to an ammonia concentration of 0.1 mg/L
equivalent to a nitrate concentration of 2.2 mg/L
equivalent to.an ammeonia.concentration.of 0.2. mg/L

ap e

equivalent to a nitrate concentration of 0.3 mg/L

Note that loading rates are expressed in Ib/d except dissolved oxygen where concentrations
are in mg/L in the input data file to run the JMSRV model.  Total phosphorus
concentrations from all 15 major point sources are required to meet the 2-mg/L effluent
limit. ‘



Baseline Model Results

Model results of the 1990 WLA (from Table 1) are re-generated in this study as the baseline
condition. Both summer and winter hydrologic ‘and environmental conditions for the
JMSRV model used in the 1990 WLA analysis are adopted in this regeneration run. Model
kinetic coefficients calibrated by HydroQual, Inc. (1986) are also incorporated into the model
input data file. The model is run time-variably for 120 days to reach a steady state, which .
results are summarized as follows.

Figure 2 shows model results for CBOD,, organic nitrogen, ammonia, nitrate, organic
phosphorus, inorganic phosphorus, chlorophyll 2, and dissolved oxygen profiles along the
river from Richmond to the junction with the Chickahominy River under the summer low
flow condition. These concentration profiles match exactly those obtained with the original
wasteload allocations in the RCWQMP (1989). Note that the CBOD, concentrations in Figure
2 include the oxygen needed to fully oxidize the organic carbon in the algal biomass, thereby
resembling the algal biomass (chlorophyll a) concentration profile. Perhaps the most
significant result is that the minimum dissolved oxygen (DO sag) level is meeting the
ambient water quality standard of 5 mg/L.

Also shown in Figure 2 is the maximum allowable ammonia concentration to prevent
ammonia toxicity in the ambient water. Ammonia toxicity is caused by unionized ammonia,
which in turn is a function of pH and temperature. The maximum allowable ammonia
concentration shown is based on the most recent Virginia's surface water quality criteria
(VSWCB, 2003). Ata pH level of 7.8 and water temperature of 29.81°C in the summer month
based on the Technical Support Information (RCWQMP, 1989), the maximum allowable
concentration of ammonia nitrogen is 1.18 mg/L. Figure 2 indicates that ammonia
concentrations in the Upper James River Estuary are well below 1.18 mg/L under the
summer low flow condition.

“Figure 2 also shows that the algal biomass (in terms of chlorophyll 2) concentration reaches a
maximum level of 42 ug/L near the junction with the Appomattox River. The decline of the .
chlorophyll a levels below that point is due to the depressed inorganic phosphorus (in the
form of orthophosphate) concentrations for algae (Figure 2).

Figure 3 summarizes the model results under the winter condition; again reproducing the
model results in the RCWQMP of 1989. The ambient dissolved oxygen standard of 5.0 mg/L
is also met and the maximum allowable ammonia concentration of 2.17 mg/L (based on
RCWQMP winter pH = 7.8 and temperature = 20.23°C) is not violated. The peak of
chlorophyll a in the winter months is significantly less than that in the summer due to cooler
water temperature and reduced light levels for algae.




Figure-2-Baseline-Model Results-from-Summer Wi-As-for-the-Upper<James-River Estuary-
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Impact of the Dominion’s Chesterfield Power Station

The first step in quantifying the impact of Dominion’s Chesterfield Power Station is to

evaluate the ammonia and nitrate nitrogen loads from the Station. Additional ammonia

loadings from Dominion’s Chesterfield Power Station may result from the implementation -

of Selective Catalytic Reduction (SCR) technology to reduce NOx emissions in' order to

comply with existing air regulatory requirements. Ammonia is used in the SCR process and

some residual ammonia may become associated with the fly ash that is generated during the
combustion of coal. Consequently, the point source discharge most likely to be 1mpacted by
the SCR process is the ash pond discharge Outfall 004, which is designated as VP004 in the
RCWOMP. :

The proposed ammonia-loading rate for Dominion’s Chesterfield Power Station is 520
Ib/day for both summer and winter conditions. The proposed nitrate loading rates are 157
lb/day and 19 lb/day for summer and winter, respectively. The loading rates are converted

to concentrations for comparison with the concentrations under the baseline condition 1990

WLA in Table 2.

Table 2. Loading Scenarios for Dominion’s Chesterfield Power Station

Flow | Ammonia (mg/L) Nitrate (mg/L)
Scenario {mgd) | summer winter | summer winter
Baseline condition:1990 WLA 8.70 0.1 . 02 22 0.3
Proposed loading condition 8.70 72 7.2 2.2 0.3

As shown in Table 2, the proposed loading condition has higher ammonia concentrations
than the baseline 1990 WLA concentratlons wlule the mtrate loads remain the same as the
baseline condition. :

Figure 4 compares model results of baseline 1990 WLA and proposed scenario, displaying
concentration profiles of ammonia, nitrate, chlorophyll a4, and dissolved oxygen. - As
illustrated, the impact of the proposed loading condition on the receiving water quality is

insignificant under both summer and winter conditions. First, the dissolved oxygen -

standard of 5 mg/L is still met under the proposed loading condition.

There is very insignificant increase in ammonia concentrations in the receiving water as
additional ammonia is taken up by algae (see the small increase in chlorophyll # levels in
Figure 4). Because of the increase algal growth, the nitrate concentration levels are slightly
lower (see the dashed line in Figure 4) than the 1990 WLA levels.

Thewresults—underA-he_winter_egnd-i-tions—are-simi-la‘r—in—tha.t—the_‘ammoma_and_dissolved

oxygen standards are met. The result for chlorophyll 4 under the winter condition is even
less pronounced so the dashed lines displaying the model results of water quality impact
cannot be distinguished from the results of the 1990 wasteload allocations (Figure 4). Algal
growth in the wintertime is significantly minimized so the nitrate concentrations in the
receiving water show a slight increase, compared with the 1990 WLA levels.
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Summary and Conclusions

The JMSRV model was used to assess the water quality impact of Dominion’s Chesterfield

Power Station under future operation conditions. Model results show that the proposed
increase in nitrogen loads from the Station’s outfall would yield insignificant increases in -
ammonia concentrations in the Upper James River Estuary under summer conditions. The.
ambient ammonia concentrations in the receiving water would be below the maximum -

allowable ammonia levels. There would be no impact on the dissolved oxygen levels in the
receiving water, still meeting the DO standard of 5 mg/L. The impact on eutrophication in
the receiving water is also insignificant. Water quality impact during the winter months
would even be less pronounced. '

It should be pointed out that the modeling analysis in this study has yielded conservative
results. Point source nutrient loads to the Upper James River Estuary have decreased
significantly since 1990 following the implementation of a number of nutrient control
strategies such as biological nitrogen removal at municipal wastewater treatment plants.
The model results in this study have shown insignificant impact of the Dominion’s
- Chesterfield Power Station on the water quality of the Upper James River Estuary. One can
therefore reasonably. argue that the ambient ammonia concentration under the proposed
loading condition would be comfortably below the maximum levels allowed in the Upper
James River Estuary
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APPENDIX - The JMSRV Model

The latest version of the JMSRV model was calibrated by HydroQual, Inc. for the Richmond

Region Planning District Commission in 1986. The spatial domain of the model for this
study is from the reach of the Upper James River downstream of the Fall Line near

Richmond to . Jamestown Island, below the confluence of the James Rwer with the

Chickahominy River. It also includes a 20-mile reach of the Appomattox River between

Petersburg and its confluence with the James. Both the James and Appomattox Riversin the

model domain are estuaries under tidal influence. The model has since been adopted to run
on PCs by Lung (1986) and has been used to track the fate and transport of point source
phosphorus loads in the Upper ]ames Estuary (Lung and Testerman, 1989).

The main stem of the Upper ]ames Estuary is d1v1ded into 54 segments. The 20-mile reach of
the Appomattox River is divided into 41 segments. There are a total of 95 segments in the

- model. Fifteen major dlschargers (6 municipalities and 9 industries) are mcluded as pomt

source loads to the receiving water.

- The model is able to simulate eight water quality constituents in the water column of the
- Upper James Estuary: CBOD,, organic nitrogen, ammonia nitrogen, nitrite/nitrate nitrogen,

organic phosphorus, orthophosphate, chlorophyll a, and dissolved oxygen. The kmehc
structure of the model is shown in Figure 5.
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Jenkins,Ray

From: Palmore,Jennifer

Sent: Wednesday, January 14, 2004 4:15 PM

To: Jenkins,Ray

Cc: Alling,Mark; Linderman,Curtis; Brockenbrough,Allan
Subject: Dominion VA Power

| have reviewed the submissions from Virginia Power received December 8, 2003. Included were the reports Modeling
Water Quality Impact of Dominion's Chestetfield Power Station by Dr. Wu-Seng Lung dated November 25, 2003 and
Thermal Modeling of Chesterfield Power Station on the James River and Farrar Gut, Virginia by Hydroqual dated
November 7, 2003. :

The water quality report discusses the effect that the additional ammonia load that VA Power has requested would have on
ammonia toxicity and dissolved oxygen concentrations in the upper James River estuary. Permits in this reach are
currently governed by the Richmond-Crater Interim Water Quality Management Plan, 1989 (RCWQMP) [3 VAC 25-720-60]
which evaluated 13 major dischargers using the water quality model JMSRV. VA Power's Chesterfield Power plant was
not assigned a waste load allocation. “As the RCWQMP is based on the JMSRYV, the JMSRYV has not been recalibrated
since 1986, and Dr. Lung reran the 1990 baseline load to verify that it produced identical results to the original model, | feel
that this current modeling approach is an acceptable method in characterizmg the effects of the mcreased ammonia load
from VA Power. :

The thermal modeling effort was initiated to predict the temperatures that would have occurred in Farrar Gut and the
James River during 1998 if the plant had been operating at full permit load conditions of 5.55 BTU/hr for Units 4,5, and 6
and 1.78 BTU/hr for Units 3, 7, and 8. My previous comments regarding the Thermal Modeling report primarily focused
on the method of validation. | asked for explanation as to why HydroQual used a combined calibration and validation effort,
instead of using the available 1997 and 1999 synoptic survey data to perform a separate validation. HydroQual added

- narrative in this final report outlining their decision.

In addition, HydroQual further explalned the use of the temperature data at JR1 as background temperature | accept their
explanation )

Thank you for the apportunity to review.

Jennifer V. Paimore

Senior Water Quality Planner

Dept. of Environmental Quality Piedmont Regional Office
49459-A Cox Road

Richmond, VA 23060

(804) 527-5058




Jenkins,Ray

From: : Brockenbrough, Allan

Sent: Tuesday, January 20, 2004 11:26 AM

To: _Jenkins,Ray

Cc: Palmore,Jennifer; Lmderman Curtis; Alling, Mark
Subject: Dominion Power

| have reviewed the reviewed the report entitied Modeling Water Quality impact of Dominion's Chesterfield Power Station
by Wu-Seng Lung dated November 25, 2003. The report was submitted to DEQ by letter from Dominion Power dated
December 8, 2003. _

Dr. Lung has used his pc version on the JMSRV model to predict the impacts of increased Ammonia-N loadings from
Dominion Power's outfall 004 as a result of installing Selective Catalytic Reduction (SCR) emission control technology.
Use of the SCR technology will significantly reduce NOx air emissions from the facility and increase Ammonia-N in the
discharge by approximately 515 Ibs/day {summer). Dr. Lung first modeled the 1990 wasteload aflocation from the
Richmond-Crater Water Quality Management Plan (or 208 Plan) as a baseline condition. He then modeled the baseline
condition plus the additional Ammonia from the SCR control devices.

The graphs provided in Figure 4 of the report demonstrate a negligible impact on mainstem James River concentrations of
Ammonia, NOz + NO3, Chiorophyll a and Dissolved Oxygen. Although the increase in Ammonia levels in the mainstem of
‘the river appears negligible, the conditions under which the water quality criteria was evaluated warrant a closer look. .
Figure 4 includes the maximum allowable Ammonia concentration (chronic water qualily criteria) based on a pH of 7.8 and
a summer temperature of 29.81°C. The pH and temperature are from the Technical Support Information for the 208 Plan.
The HydroQual report Thermal Modeling of the Chesterfield Power Station on the James River and Farrar Gul, Virginia
(November 7, 2003) submitted under the same Dominion Power letter of December 8, 2003 includes mainstem synoptic
survey temperature values as high as 35.8°C (instantaneous) as well as continuously modeled temperature projections
which appear to approach 33°C for 30-day periods during the summer. The HydroQual model demonstrates the effect of
the power station operating under fuli load and 1998 environmental conditions. At a temperature of 33°C and a pH of 7.8,
the acute Ammonia criteria falls to 0.97 mg/l which is still well above the peak instream concentration predicted by the
JMSRYV model for the hottest section of the river (station JR3 in the HydroQuaI report roughly correspond to river mile 87 in
the JMSRV, JR6 is roughly river mile 82). The Lung report therefore is suitable for demonstrating that in the mainstem of
the James River there is no significant increase in Ammonia-N concentrations, no Ammonia toxicity and no significant

" lowering of dissolved oxygen levels due to the addition of the SCR technology. The additional Ammonia load amounts to
less than 2% of the total Ammonia allog¢ations in the 208 Plan. For consistency sake, you may consider having the Lung
report revised so that maximum allowable Ammonia concentration (the chronic water quality crlterla) reflects the
temperature conditions predicted by the HydroQual study. -

Ammonia toxicity in the vicinity of the outfall should be further evaluated in the Fact Sheet in accordance W|th GM 00-2011.
| have no additional comments on the HydroQuaI report. _

© Allan Brockenbrough, 11, P.E.

VPDES Water Quality Modeling Coordinator
- DEQ - Office of Water Permit Programs
Phone (804) 698-4147

Fax {804) 698-4032

" abrockenb@deq.state.va.us
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§422.66

section, which may be discharged by a
point source subject to the provisions
of this subpart after application of the

standards of performance for new
sources:
[Metric units (kg/kkg of product); English units (Ib/1,000 Ib of
product)]
Effluent limitations

Average of daily

Effluent characteristic Maximum values for 30
forany 1 | consecutive days

day shall not ex-

ceed—

TSS o 0.35 0.18
Total phosphorus (as P) ...... .56 .28
Fluoride (as F) .... .21 AR
pH ") (")

1Within the range 6.0 to 9.5.
§422.66 [Reserved]

§422.67 Effluent limitations guidelines
representing the degree of effluent
reduction attainable by the applica-
tion of the best conventional pollut-
ant control technology.

Except as provided in §§125.30
through 125.32, the following limita-
tions establish the quantity or quality
of pollutants or pollutant properties,
controlled by this section, which may
be discharged by a point source subject
to the provisions of this subpart after
application of the best conventional
pollutant control technology:

[Metric units (kg/kkg of product); English units (Ib/1,000 Ib of
product)]

Effluent limitations
Average of
;g daily values
Effluent characteristic Maximum for for 30 con-
any 1 day secutive days
shall not ex-
ceed—
TSS .. 0.35 0.18
pH ... ") ")

1Within the range 6.0 to 9.5.

[61 FR 25000, July 9, 1986]

PART 423—STEAM ELECTRIC POWER
GENERATING POINT SOURCE
CATEGORY

Sec.

423.10 Applicability.

423.11 Specialized definitions.

423.12 Effluent limitations guidelines rep-
resenting the degree of effluent reduction
attainable by the application of the best
practicable control technology currently
available (BPT).
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423.13 Effluent limitations guidelines rep-
resenting the degree of effluent reduction
attainable by the application of the best
available technology economically
achievable (BAT).

423.14 Effluent limitations guidelines rep-
resenting the degree of effluent reduction
attainable by the application of the best
conventional pollutant control tech-
nology (BCT). [Reserved]

423.15 New source performance standards
(NSPS).

423.16 Pretreatment standards for existing
sources (PSES).

423.17 Pretreatment
sources (PSNS).

APPENDIX A TO PART 423—126 PRIORITY POL-
LUTANTS

AUTHORITY: Secs. 301; 304(b), (c), (e), and
(g); 306(b) and (c); 307(b) and (c); and 501,
Clean Water Act (Federal Water Pollution
Control Act Amendments of 1972, as amended
by Clean Water Act of 1977) (the ‘‘Act’; 33
U.S.C. 1311; 1314(b), (c), (e), and (g); 1316(b)
and (c); 1317(b) and (c); and 1361; 86 Stat. 816,
Pub. L. 92-500; 91 Stat. 1567, Pub. L. 95-217),
unless otherwise noted.

SOURCE: 47 FR 52304, Nov. 19, 1982, unless
otherwise noted.

standards for new

§423.10 Applicability.

The provisions of this part are appli-
cable to discharges resulting from the
operation of a generating unit by an es-
tablishment primarily engaged in the
generation of electricity for distribu-
tion and sale which results primarily
from a process utilizing fossil-type fuel
(coal, oil, or gas) or nuclear fuel in con-
junction with a thermal cycle employ-
ing the steam water system as the
thermodynamic medium.

§423.11 Specialized definitions.

In addition to the definitions set
forth in 40 CFR part 401, the following
definitions apply to this part:

(a) The term total residual chlorine (or
total residual oxidants for intake
water with bromides) means the value
obtained using the amperometric
method for total residual chlorine de-
scribed in 40 CFR part 136.

(b) The term low volume waste sources
means, taken collectively as if from
one source, wastewater from all
sources except those for which specific
limitations are otherwise established
in this part. Low volume wastes
sources include, but are not limited to:
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wastewaters from wet scrubber air pol-
lution control systems, ion exchange
water treatment system, water treat-
ment evaporator blowdown, laboratory
and sampling streams, boiler blow-
down, floor drains, cooling tower basin
cleaning wastes, and recirculating
house service water systems. Sanitary
and air conditioning wastes are not in-
cluded.

(c) The term chemical metal cleaning
waste means any wastewater resulting
from the cleaning of any metal process
equipment with chemical compounds,
including, but not limited to, boiler
tube cleaning.

(d) The term metal cleaning waste
means any wastewater resulting from
cleaning [with or without chemical
cleaning compounds] any metal process
equipment including, but not limited
to, boiler tube cleaning, boiler fireside
cleaning, and air preheater cleaning.

(e) The term fly ash means the ash
that is carried out of the furnace by
the gas stream and collected by me-
chanical precipitators, electrostatic
precipitators, and/or fabric filters.
Economizer ash is included when it is
collected with fly ash.

(f) The term bottom ash means the ash
that drops out of the furnace gas
stream in the furnace and in the econo-
mizer sections. Economizer ash is in-
cluded when it is collected with bottom
ash.

(g) The term once through cooling
water means water passed through the
main cooling condensers in one or two
passes for the purpose of removing
waste heat.

(h) The term recirculated cooling water
means water which is passed through
the main condensers for the purpose of
removing waste heat, passed through a
cooling device for the purpose of re-
moving such heat from the water and
then passed again, except for blow-
down, through the main condenser.

(i) The term 10 year, 24/hour rainfall
event means a rainfall event with a
probable recurrence interval of once in
ten years as defined by the National
Weather Service in Technical Paper
No. 40. Rainfall Frequency Atlas of the
United States, May 1961 or equivalent
regional rainfall probability informa-
tion developed therefrom.

§423.12

(j) The term blowdown means the
minimum discharge of recirculating
water for the purpose of discharging
materials contained in the water, the
further buildup of which would cause
concentration in amounts exceeding
limits established by best engineering
practices.

(k) The term average concentration as
it relates to chlorine discharge means
the average of analyses made over a
single period of chlorine release which
does not exceed two hours.

(1) The term free available chlorine
shall mean the value obtained using
the amperometric titration method for
free available chlorine described in
Standard Methods for the Examination of
Water and Wastewater, page 112 (13th
edition).

(m) The term coal pile runoff means
the rainfall runoff from or through any
coal storage pile.

§423.12 Effluent limitations guidelines
representing the degree of effluent
reduction attainable by the applica-
tion of the best practicable control
technology currently available
(BPT).

(a) In establishing the limitations set
forth in this section, EPA took into ac-
count all information it was able to
collect, develop and solicit with re-
spect to factors (such as age and size of
plant, utilization of facilities, raw ma-
terials, manufacturing processes, non-
water quality environmental impacts,
control and treatment technology
available, energy requirements and
costs) which can affect the industry
subcategorization and effluent levels
established. It is, however, possible
that data which would affect these lim-
itations have not been available and, as
a result, these limitations should be
adjusted for certain plants in this in-
dustry. An individual discharger or
other interested person may submit
evidence to the Regional Adminis-
trator (or to the State, if the State has
the authority to issue NPDES permits)
that factors relating to the equipment
or facilities involved, the process ap-
plied, or other such factors related to
such discharger are fundamentally dif-
ferent from the factors considered in
the establishment of the guidelines. On
the basis of such evidence or other
available information, the Regional
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Administrator (or the State) will make
a written finding that such factors are
or are not fundamentally different for
that facility compared to those speci-
fied in the Development Document. If
such fundamentally different factors
are found to exist, the Regional Admin-
istrator or the State shall establish for
the discharger effluent limitations in
the NPDES Permit either more or less
stringent than the limitations estab-
lished herein, to the extent dictated by
such fundamentally different factors.
Such limitations must be approved by
the Administrator of the Environ-
mental Protection Agency. The Admin-
istrator may approve or disapprove
such limitations, specify other limita-
tions, or initiate proceedings to revise
these regulations. The phrase ‘‘other
such factors’ appearing above may in-
clude significant cost differentials. In
no event may a discharger’s impact on
receiving water quality be considered
as a factor under this paragraph.

(b) Any existing point source subject
to this subpart must achieve the fol-
lowing effluent limitations rep-
resenting the degree of effluent reduc-
tion by the application of the best
practicable control technology cur-
rently available (BPT):

(1) The pH of all discharges, except
once through cooling water, shall be
within the range of 6.0-9.0.

(2) There shall be no discharge of pol-
ychlorinated biphenyl compounds such
as those commonly used for trans-
former fluid.

(3) The quantity of pollutants dis-
charged from low volume waste sources
shall not exceed the quantity deter-
mined by multiplying the flow of low
volume waste sources times the con-
centration lised in the following table:

BPT effluent limitations
Average of
daily values
Pollutant or pollutant property Maximum for 30 con-
for any 1 secutive
day (mg/l) days shall
not exceed
(mg/)
TSS 100.0 30.0
Oil and grease 20.0 15.0

(4) The quantity of pollutants dis-
charged in fly ash and bottom ash
transport water shall not exceed the
quantity determined by multiplying

40 CFR Ch. | (7-1-09 Edition)

the flow of fly ash and bottom ash
transport water times the concentra-
tion listed in the following table:

BPT effluent limitations
Average of
daily values
Pollutant or pollutant property Maximum for 30 con-
for any 1 secutive
day (mg/l) days shall
not exceed
(mg/)
TSS 100.0 30.0
Oil and grease ..........cccccoevveecnee 20.0 15.0

(5) The quantity of pollutants dis-
charged in metal cleaning wastes shall
not exceed the quantity determined by
multiplying the flow of metal cleaning
wastes times the concentration listed
in the following table:

BPT effluent limitations
Average of
daily values
Pollutant or pollutant property Maximum for 30 con-
for any 1 secutive
day (mg/l) days shall
not exceed
(mg/)
TSS 100.0 30.0
Qil and grease ... 20.0 15.0
Copper, total ... 1.0 1.0
Iron, total 1.0 1.0

(6) The quantity of pollutants dis-
charged in once through cooling water
shall not exceed the quantity deter-
mined by multiplying the flow of once
through cooling water sources times
the concentation listed in the following
table:

BPT effluent limitations
Pollutant or pollutant property Maximum Average
concentra- | concentra-
tion (mg/l) tion (mg/l)
Free available chlorine .............. 0.5 0.2

(7) The quantity of pollutants dis-
charged in cooling tower blowdown
shall not exceed the quantity deter-
mined by multiplying the flow of cool-
ing tower blowdown sources times the
concentration listed in the following
table:

BPT effluent limitations
Pollutant or pollutant property Maximum Average
concentra- concentra-
tion (mg/l) tion (mg/l)
Free available chlorine .............. 0.5 0.2
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(8) Neither free available chlorine nor
total residual chlorine may be dis-
charged from any unit for more than
two hours in any one day and not more
than one unit in any plant may dis-
charge free available or total residual
chlorine at any one time unless the
utility can demonstrate to the Re-
gional Administrator or State, if the
State has NPDES permit issuing au-
thority, that the units in a particular
location cannot operate at or below
this level or chlorination.

(9) Subject to the provisions of para-
graph (b)(10) of this section, the fol-
lowing effluent limitations shall apply
to the point source discharges of coal
pile runoff:

BPT effluent limitations

Pollutant or pollutant property T eI eEm ke

for any time (mg/l)

TSS 50

(10) Any untreated overflow from fa-
cilities designed, constructed, and op-
erated to treat the volume of coal pile
runoff which is associated with a 10
year, 24 hour rainfall event shall not be
subject to the limitations in paragraph
(b)(9) of this section.

(11) At the permitting authority’s
discretion, the quantity of pollutant
allowed to be discharged may be ex-
pressed as a concentration limitation
instead of the mass based limitations
specified in paragraphs (b)(3) through
(7) of this section. Concentration limi-
tations shall be those concentrations
specified in this section.

(12) In the event that waste streams
from various sources are combined for
treatment or discharge, the quantity of
each pollutant or pollutant property
controlled in paragraphs (b)(1) through
(11) of this section attributable to each
controlled waste source shall not ex-
ceed the specified limitations for that
waste source.

(The information collection requirements
contained in paragraph (a) were approved by
the Office of Management and Budget under
control number 2000-0194)

[47 FR 52304, Nov. 19, 1982, as amended at 48
FR 31404, July 8, 1983]

§423.13

§423.13 Effluent limitations guidelines
representing the degree of effluent
reduction attainable by the applica-
tion of the best available tech-
nology economically achievable

(BAT).

Except as provided in 40 CFR 125.30
through 125.32, any existing point
source subject to this part must
achieve the following effluent limita-
tions representing the degree of efflu-
ent reduction attainable by the appli-
cation of the best available technology
economically achievable (BAT).

(a) There shall be no discharge of pol-
ychlorinated biphenyl compounds such
as those commonly used for trans-
former fluid.

(b)(1) For any plant with a total
rated electric generating capacity of 25
or more megawatts, the quantity of
pollutants discharged in once through
cooling water from each discharge
point shall not exceed the quantity de-
termined by multiplying the flow of
once through cooling water from each
discharge point times the concentra-
tion listed in the following table:

BAT Effluent Limitations

Pollutant or pollutant property VST ermeE e

(mg/l)

Total residual chlorine ................... 0.20

(2) Total residual chlorine may not
be discharged from any single gener-
ating unit for more than two hours per
day unless the discharger demonstrates
to the permitting authority that dis-
charge for more than two hours is re-
quired for macroinvertebrate control.
Simultaneous multi-unit chlorination
is permitted.

(c)(1) For any plant with a total
rated generating capacity of less than
256 megawatts, the quantity of pollut-
ants discharged in once through cool-
ing water shall not exceed the quantity
determined by multiplying the flow of
once through cooling water sources
times the concentration listed in the
following table:

BAT effluent limitations
Pollutant or pollutant property Maximum Average
concentra- concentra-
tion (mg/l) tion (mg/l)
Free available chlorine .............. 0.5 0.2
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(2) Neither free available chlorine nor
total residual chlorine may be dis-
charged from any unit for more than
two hours in any one day and not more
than one unit in any plant may dis-
charge free available or total residual
chlorine at any one time unless the
utility can demonstrate to the Re-
gional Administrator or State, if the
State has NPDES permit issuing au-
thority, that the units in a particular
location cannot operate at or below
this level of chlorination.

(d)(1) The quantity of pollutants dis-
charged in cooling tower blowdown
shall not exceed the quantity deter-
mined by multiplying the flow of cool-
ing tower blowdown times the con-
centration listed below:

BAT effluent limitations
Pollutant or pollutant property Maximum Average
concentra- concentra-
tion (mg/l) tion (mg/l)
Free available chlorine .............. 0.5 0.2
Average of
daily values
Maximum for 30 con-
Pollutant or pollutant property for any 1 secutive
day —(mg/l) | days shall
not exceed
=(mg/l)
The 126 priority pollutants (Ap-
pendix A) contained in chemi-
cals added for cooling tower
maintenance, except: (") ™
Chromium, total ... 0.2 0.2
Zinc, total 1.0 1.0

1No detectable amount.

(2) Neither free available chlorine nor
total residual chlorine may be dis-
charged from any unit for more than
two hours in any one day and not more
than one unit in any plant may dis-
charge free available or total residual
chlorine at any one time unless the
utility can demonstrate to the Re-
gional Administrator or State, if the
State has NPDES permit issuing au-
thority, that the units in a particular
location cannot operate at or below
this level of chlorination.

(3) At the permitting authority’s dis-
cretion, instead of the monitoring spec-
ified in 40 CFR 122.11(b) compliance

40 CFR Ch. | (7-1-09 Edition)

with the limitations for the 126 pri-
ority pollutants in paragraph (d)(1) of
this section may be determined by en-
gineering calculations which dem-
onstrate that the regulated pollutants
are not detectable in the final dis-
charge by the analytical methods in 40
CFR part 136.

(e) The quantity of pollutants dis-
charged in chemical metal cleaning
wastes shall not exceed the quantity
determined by multiplying the flow of
chemical metal cleaning wastes times
the concentration listed in the fol-
lowing table:

BAT effluent limitations
Average of
daily values
Pollutant or pollutant property Maximum for 30 con-
for any 1 secutive
day (mg/l) days shall
not exceed
—(mg/))
Copper, total 1.0 1.0
Iron, total 1.0 1.0
(f) [Reserved—Nonchemical Metal

Cleaning Wastes].

(g) At the permitting authority’s dis-
cretion, the quantity of pollutant al-
lowed to be discharged may be ex-
pressed as a concentration limitation
instead of the mass based limitations
specified in paragraphs (b) through (e)
of this section. Concentration limita-
tions shall be those concentrations
specified in this section.

(h) In the event that waste streams
from various sources are combined for
treatment or discharge, the quantity of
each pollutant or pollutant property
controlled in paragraphs (a) through
(g) of this section attributable to each
controlled waste source shall not ex-
ceed the specified limitation for that
waste source.

(The information collection requirements
contained in paragraphs (c)(2) and (d)(2) were
approved by the Office of Management and
Budget under control number 2040-0040. The
information collection requirements con-
tained in paragraph (d)(3) were approved
under control number 2040-0033.)

[47 FR 52304, Nov. 19, 1982, as amended at 48
FR 31404, July 8, 1983]
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§423.14 Effluent limitations guidelines
representing the degree of effluent
reduction attainable by the applica-
tion of the best conventional pollut-
ant control technology (BCT). [Re-
served]

§423.15 New source
standards (NSPS).

Any new source subject to this sub-
part must achieve the following new
source performance standards:

(a) The pH of all discharges, except
once through cooling water, shall be
within the range of 6.0-9.0.

(b) There shall be no discharge of pol-
ychlorinated biphenyl compounds such
as those commonly used for trans-
former fluid.

(c) The quantity of pollutants dis-
charged from low volume waste sources
shall not exceed the quantity deter-
mined by multiplying the flow of low
volume waste sources times the con-
centration listed in the following table:

performance

NSPS effluent limitations
Average of
daily values
Pollutant or pollutant property Maximum for 30 con-
for any 1 secutive
day (mg/l) days shall
not exceed
(mg/l)
TSS 100.0 30.0
Oil and grease 20.0 15.0

(d) The quantity of pollutants dis-
charged in chemical metal cleaning
wastes shall not exceed the quantity
determined by multiplying the flow of
chemical metal cleaning wastes times
the concentration listed in the fol-
lowing table:

NSPS effluent limitations

Average of
daily values

Pollutant or pollutant property Maximum for 30 con-

for any 1 secutive

day (mg/l) days shall

not exceed

(mg/))

TSS 100.0 30.0
Oil and grease 20.0 15.0
Copper, total ... 1.0 1.0
Iron, total 1.0 1.0

(e) [Reserved—Nonchemical Metal
Cleaning Wastes].

(f) The quantity of pollutants dis-
charged in bottom ash transport water
shall not exceed the quantity deter-

mined by multiplying the flow of the

§423.15

bottom ash transport water times the
concentration listed in the following
table:

NSPS effluent limitations
Average of
daily values
Pollutant or pollutant property Maximum for 30 con-
for any 1 secutive
day (mg/l) days shall
not exceed
(mg/)
100.0 30.0
Oil and grease ... 20.0 15.0

(g) There shall be no discharge of
wastewater pollutants from fly ash
transport water.

(h)(1) For any plant with a total
rated electric generating capacity of 25
or more megawatts, the quantity of
pollutants discharged in once through
cooling water from each discharge
point shall not exceed the quantity de-
termined by multiplying the flow of
once through cooling water from each
discharge point times the concentra-
tion listed in the following table:

NSPS effluent limitations

Pollutant or pollutant property ST T GImeE i tEkitorn]

(mg/l)

Total residual chlorine ................... 0.20

(2) Total residual chlorine may not
be discharged from any single gener-
ating unit for more than two hours per
day unless the discharger demonstrates
to the permitting authority that dis-
charge for more than two hours is re-
quired for macroinvertebrate control.
Simultaneous multi-unit chlorination
is permitted.

(i)(1) For any plant with a total rated
generating capacity of less than 25
megawatts, the quantity of pollutants
discharged in once through cooling
water shall not exceed the quantity de-
termined by multiplying the flow of
once through cooling water sources
times the concentration listed in the
following table:

NSPS effluent limitations
Pollutant of pollutant property Maximum Average
concentra- concentra-
tion (mg/l) tion (mg/l)
Free available chlorine .............. 0.5 0.2

651



§423.16

(2) Neither free available chlorine nor
total residual chlorine may be dis-
charged from any unit for more than
two hours in any one day and not more
than one unit in any plant may dis-
charge free available or total residual
chlorine at any one time unless the
utility can demonstrate to the Re-
gional Administrator or State, if the
State has NPDES permit issuing au-
thority, that the units in a particular
location cannot operate at or below
this level of chlorination.

(j))(1) The quantity of pollutants dis-
charged in cooling tower blowdown
shall not exceed the quantity deter-
mined by multiplying the flow of cool-
ing tower blowdown times the con-
centration listed below:

NSPS effluent limitations
Pollutant or pollutant property Maximum Average
concentra- concentra-
tion (mg/l) tion (mg/l)
Free available chlorine .............. 0.5 0.2
Average of
daily values
Maximum for 30 con-
Pollutant or pollutant property for any 1 secutive
day (mg/l) days shall
not exceed
—(mg/l)
The 126 priority pollutants (Ap-
pendix A) contained in chemi-
cals added for cooling tower
maintenance, except: (" (")
Chromium, total ... 0.2 0.2
Zinc, total 1.0 1.0

1No detectable amount.

(2) Neither free available chlorine nor
total residual chlorine may be dis-
charged from any unit for more than
two hours in any one day and not more
than one unit in any plant may dis-
charge free available or total residual
chlorine at any one time unless the
utility can demonstrate to the Re-
gional Administrator or State, if the
State has NPDES permit issuing au-
thority, that the units in a particular
location cannot operate at or below
this level of chlorination.

(3) At the permitting authority’s dis-
cretion, instead of the monitoring in 40
CFR 122.11(b), compliance with the lim-
itations for the 126 priority pollutants
in paragraph (j)(1) of this section may
be determined by engineering calcula-
tions which demonstrate that the regu-
lated pollutants are not detectable in

40 CFR Ch. | (7-1-09 Edition)

the final discharge by the analytical
methods in 40 CFR part 136.

(k) Subject to the provisions of
§423.15(1), the quantity or quality of
pollutants or pollutant parameters dis-
charged in coal pile runoff shall not ex-
ceed the limitations specified below:

NSPS effluent limi-

Pollutant or pollutant property tations for any time

TSS ... Not to exceed 50
mg/l.

(1) Any untreated overflow from fa-
cilities designed, constructed, and op-
erated to treat the coal pile runoff
which results from a 10 year, 24 hour
rainfall event shall not be subject to
the limitations in §423.15(k).

(m) At the permitting authority’s
discretion, the quantity of pollutant
allowed to be discharged may be ex-
pressed as a concentration limitation
instead of the mass based limitation
specified in paragraphs (c¢) through (j)
of this section. Concentration limits
shall be based on the concentrations
specified in this section.

(n) In the event that waste streams
from various sources are combined for
treatment or discharge, the quantity of
each pollutant or pollutant property
controlled in paragraphs (a) through
(m) of this section attributable to each
controlled waste source shall not ex-
ceed the specified limitation for that
waste source.

(The information collection requirements
contained in paragraphs (h)(2), (i)(2), and
(j)(2) were approved by the Office of Manage-
ment and Budget under control number 2040—
0040. The information collection require-
ments contained in paragraph (j)(3) were ap-
proved under control number 2040-0033.)

[47 FR 52304, Nov. 19, 1982, as amended at 48
FR 31404, July 8, 1983]

§423.16 Pretreatment standards for
existing sources (PSES).

Except as provided in 40 CFR 403.7
and 403.13, any existing source subject
to this subpart which introduces pol-
lutants into a publicly owned treat-
ment works must comply with 40 CFR
part 403 and achieve the following
pretreatment standards for existing
sources (PSES) by July 1, 1984:

(a) There shall be no discharge of pol-
ychlorinated biphenol compounds such
as those used for transformer fluid.
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(b) The pollutants discharged in
chemical metal cleaning wastes shall
not exceed the concentration listed in
the following table:

PSES pretreatment
standards
Pollutant or pollutant property |——————
Maximum for 1 day (mg/
)

Copper, total ........ccoeeviiiiiiiiiins 1.0

(¢c) [Reserved—Nonchemical Metal
Cleaning Wastes].

(d)(1) The pollutants discharged in
cooling tower blowdown shall not ex-
ceed the concentration listed in the

following table:

Pt. 423, App. A

PSNS pretreatment
standards
Pollutant or pollutant property +—————
Maximum for 1 day (mg/
)

Copper, total .....ccccevveeviiiiirens 1.0

(c) [Reserved—Nonchemical Metal
Cleaning Wastes].

(d)(1) The pollutants discharged in
cooling tower blowdown shall not ex-
ceed the concentration listed in the

following table:

PSNS pretreatment
standards
Pollutant or pollutant property +——————
Maximum for any time
(mg/)
The 126 priority pollutants (Appen-

dix A) contained in chemicals
added for cooling tower mainte-
nance, except:

Chromium, total 0.2

Zinc, total ...... 1.0

PSES pretreatment
standards
Pollutant or pollutant property +—————
Maximum for any time
(mg/l)
The 126 priority pollutants (Appen-
dix A) contained in chemicals
added for cooling tower mainte-
nance, except: ™
Chromium, total ........c.ccccceee. 0.2
Zinc, total ....cceeveeeiiieiiieieees 1.0

1No detectable amount.

(2) At the permitting authority’s dis-
cretion, instead of the monitoring in 40
CFR 122.11(b), compliance with the lim-
itations for the 126 priority pollutants
in paragraph (d)(1) of this section may
be determined by engineering calcula-
tions which demonstrate that the regu-
lated pollutants are not detectable in
the final discharge by the analytical
methods in 40 CFR part 136.

§423.17 Pretreatment standards for

new sources (PSNS).

Except as provided in 40 CFR 403.7,
any new source subject to this subpart
part which introduces pollutants into a
publicly owned treatment works must
comply with 40 CFR part 403 and the
following pretreatment standards for
new sources (PSNS).

(a) There shall be no discharge of pol-
ychlorinated biphenyl compounds such
as those used for transformer fluid.

(b) The pollutants discharged in
chemical metal cleaning wastes shall
not exceed the concentration listed in
the following table:

(2) At the permitting authority’s dis-
cretion, instead of the monitoring in 40
CFR 122.11(b), compliance with the lim-
itations for the 126 priority pollutants
in paragraph (d)(1) of this section may
be determined by engineering calcula-
tions which demonstrate that the regu-
lated pollutants are not detectable in
the final discharge by the analytical
methods in 40 CFR part 136.

(e) There shall be no discharge of
wastewater pollutants from fly ash
transport water.

APPENDIX A TO PART 423—126 PRIORITY
POLLUTANTS

001 Acenaphthene

002 Acrolein

003 Acrylonitrile

004 Benzene

005 Benzidine

006 Carbon
(tetrachloromethane)

007 Chlorobenzene

008 1,2,4-trichlorobenzene

009 Hexachlorobenzene

010 1,2-dichloroethane

011 1,1,1-trichloreothane

012 Hexachloroethane

013 1,1-dichloroethane

014 1,1,2-trichloroethane

015 1,1,2,2-tetrachloroethane

016 Chloroethane

018 Bis(2-chloroethyl) ether

019 2-chloroethyl vinyl ether (mixed)

020 2-chloronaphthalene

021 2,4, 6-trichlorophenol

022 Parachlorometa cresol

023 Chloroform (trichloromethane)

tetrachloride

653



Pt. 424

024 2-chlorophenol

025 1,2-dichlorobenzene

026 1,3-dichlorobenzene

027 1,4-dichlorobenzene

028 3,3-dichlorobenzidine

029 1,1-dichloroethylene

030 1,2-trans-dichloroethylene

031 2,4-dichlorophenol

032 1,2-dichloropropane

033 1,2-dichloropropylene
dichloropropene)

034 2,4-dimethylphenol

035 2,4-dinitrotoluene

036 2,6-dinitrotoluene

037 1,2-diphenylhydrazine

038 Ethylbenzene

039 Fluoranthene

040 4-chlorophenyl phenyl ether

041 4-bromophenyl phenyl ether

042 Bis(2-chloroisopropyl) ether

043 Bis(2-chloroethoxy) methane

044 Methylene chloride (dichloromethane)

045 Methyl chloride (dichloromethane)

046 Methyl bromide (bromomethane)

047 Bromoform (tribromomethane)

048 Dichlorobromomethane

051 Chlorodibromomethane

052 Hexachlorobutadiene

063 Hexachloromyclopentadiene

054 Isophorone

055 Naphthalene

056 Nitrobenzene

057 2-nitrophenol

058 4-nitrophenol

059 2,4-dinitrophenol

060 4,6-dinitro-o-cresol

061 N-nitrosodimethylamine

062 N-nitrosodiphenylamine

063 N-nitrosodi-n-propylamin

064 Pentachlorophenol

065 Phenol

066 Bis(2-ethylhexyl) phthalate

067 Butyl benzyl phthalate

068 Di-N-Butyl Phthalate

069 Di-n-octyl phthalate

070 Diethyl Phthalate

071 Dimethyl phthalate

072 1,2-benzanthracene (benzo(a) anthracene

073 Benzo(a)pyrene (3,4-benzo-pyrene)

074 3,4-Benzofluoranthene (benzo(b) fluoran-
thene)

075 11,12-benzofluoranthene (benzo(b) fluo-
ranthene)

076 Chrysene

077 Acenaphthylene

078 Anthracene

079 1,12-benzoperylene (benzo(ghi) perylene)

080 Fluorene

081 Phenanthrene

082 1,2,5,6-dibenzanthracene (dibenzo(,h) an-

(1,3-

thracene)

083 Indeno (,1,2,3-cd) pyrene (2,3-0-
pheynylene pyrene)

084 Pyrene

085 Tetrachloroethylene
086 Toluene
087 Trichloroethylene

40 CFR Ch. | (7-1-09 Edition)

088 Vinyl chloride (chloroethylene)

089 Aldrin

090 Dieldrin

091 Chlordane (technical mixture and me-
tabolites)

092 4,4-DDT

093 4,4-DDE (p,p-DDX)

094 4,4-DDD (p,p-TDE)

095 Alpha-endosulfan

096 Beta-endosulfan

097 Endosulfan sulfate

098 Endrin

099 Endrin aldehyde

100 Heptachlor

101 Heptachlor epoxide
hexachlorocyclohexane)

102 Alpha-BHC

103 Beta-BHC

104 Gamma-BHC (lindane)

1056 Delta-BHC (PCB-polychlorinated
biphenyls)

106 PCB-1242 (Arochlor 1242)

107 PCB-1254 (Arochlor 1254)

108 PCB-1221 (Arochlor 1221)

109 PCB-1232 (Arochlor 1232)

110 PCB-1248 (Arochlor 1248)

111 PCB-1260 (Arochlor 1260)

112 PCB-1016 (Arochlor 1016)

113 Toxaphene

114 Antimony

115 Arsenic

116 Asbestos

117 Beryllium

118 Cadmium

119 Chromium

120 Copper

121 Cyanide, Total

122 Lead

123 Mercury

124 Nickel

125 Selenium

126 Silver

127 Thallium

126 Silver

128 Zinc

129 2,3,7,8-tetrachloro-dibenzo-p-dioxin
(TCDD)

PART 424—FERROALLOY MANU-
FACTURING POINT SOURCE CAT-
EGORY

(BHC-

Subpart A—Open Electric Furnaces With
Wet Air Pollution Control Devices Sub-
category

Sec.

424.10 Applicability; description of the open
electric furnaces with wet air pollution
control devices subcategory.

424.11 Specialized definitions.

424.12 Effluent limitations guidelines rep-
resenting the degree of effluent reduction
attainable by the application of the best
practicable control technology currently
available.
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Removal of Outfalls 006-011
May 16, 2012

Background:

Outfalls 006-011 are the screen backwashes for the cooling water intakes. Monitoring performed on these
outfalls during the 1997 permit cycle revealed the need to establish effluent limitations. TRC limitations were
assigned to Outfalls 006-011 in the 2004 permit reissuance with a four year compliance schedule. In
response to the limitations, Dominion developed a plan of compliance to re-plumb the chlorine feed system
such that chlorine is introduced after the backwash water is withdrawn from the intake lines. The plumbing
project was completed in November 2008. Because the facility did not reopen the permit to remove the
limitations, the TRC effluent limits became effective December 10, 2008. The facility has been in
compliance with the TRC limitations on each outfall since they became effective.

Dominion’s compliance plan was designed to eliminate the pollutant source such that the effluent from
Outfalls 006-011 is strictly river water with no additives. Since the compliance plan has been executed, the
facility requested removal of Outfalls 006-011 on the basis that the effluent no longer represents the
discharge of pollutants to state waters and, consequently, does not require permitting. In response to the
facility’s request, DEQ staff asked for a demonstration that all chlorine feeds were correctly relocated. The
enclosed report documents Dominion’s effort to make that demonstration.

The current minimum accepted agency Quantification Level (QL) for chlorine is 0.1 mg/L. However, there
are methods that can analyze more precisely, and in this case Dominion was requested to demonstrate that
chlorine concentrations were <38 ug/L, the limitation in the 2004 permit. As suggested by DEQ, Dominion
analyzed for TRC using the HACH Ultra Low Range (ULR) Method 10014, which has a theoretical QL of at
least 38 pg/L. As noted in the enclosed report, there were extensive challenges in achieving reliable results
at the QL requested. After high variability was observed in the first round of analyses, the facility evaluated
the performance of the analytical method by analyzing samples of tap water and ambient James River
conditions at a pre-established sampling location.

Based on the evaluation, Dominion concluded the following:
1) Background TRC may be present in the James River upstream of the Power Station intakes (midway
through a period of ebb tide).

2) The measured TRC concentrations in the James River varied considerably between the sampling
locations and times. Considerable variability was also observed between the effluent TRC concentrations.
Sources of variability may include: differences in the concentrations of interfering substances, the loss of
chlorine from the sample over time, or the normal variability associated with the analytical method.

3) The average concentration of TRC measured in the intake screen backwash discharges was not
significantly different at the 90% confidence level from the average James River background TRC
concentration.

DEQ staff reviewed the report and evaluated the analytical results using Cochran’s Approximation to the
Behrens’ Fisher Student’s t-Test at a 5% confidence level. The spreadsheet is enclosed and indicates that
there is no significant difference between the ambient data and the effluent data.

Outfalls 006-011 are therefore removed in this reissuance.
Enclosures: Dominion’s chlorine sampling report (10/6/09)

Cochran’s Approximation to the Behrens-Fisher Student’s t-Test
Completion of Project Notification (11/6/08).
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CERTIFIED MAIL
RETURN RECEIPT REQUESTED

October 6, 2009

Ms. Emilee Carpenter

Water Permit Writer

Department of Environmental Quality
Piedmont Regional Office

4949-A Cox Road

Glen Allen, VA 23060

RE:  Chesterfield Power Station VPDES Permit No. VA0004146:
Total Residual Chlorine Sampling of Screen Backwash Discharges

Dear Ms. Carpenter:

Enclosed is a report describing the results of analyses for Total Residual Chlorine (TRC)
performed using samples collected from the six intake screen backwash discharges (Outfalls
006 — 011) at Dominion’s Chesterfield Power Station. This information is being provided to
you in support of our July 6, 2009 permit application, which requested removal of the intake
screen backwash outfalls from the station’s VPDES permit.

Please feel free to contact Ken Roller of my staff at (804) 273-3494 should you have any
questions concerning this information.

Sincerely,

(ail J
Cathy C. Taylor

Director, Environmental Support

Enclosures




Chesterfield Power Station
Screen Backwash Discharge TRC Sampling

BACKGROUND

During the fall of 2008, Dominion completed a project to relocate the points for chiorine
injection into the station’s circulating water system. The project was undertaken to comply
with effluent limits for Total Residual Chlorine (TRC) that were placed on the station’s intake
screen backwash discharges (Outfalls 006 — 011) when the existing VPDES permit was reissued
effective December 10, 2004. Through the compliance project, the chlorine injection points
were relocated downstream of the points where water is withdrawn for use in the station’s
Intake Screen Backwash System. As a result, all intake screen backwash discharges now consist
of James River water that has not been contaminated by use in any Chesterfield Power Station
plant processes. Consequently, Dominion has requested that Outfalls 006 — 011 be removed
from the permit during the upcoming permit reissuance. To support this request DEQ staff
suggested that the result of at least one TRC analysis at each outfall be included in the permit
renewal application, and that if possible the Quantification Level (QL} for the analyses should be
no greater than 38 pg/L, which is the monthly average and maximum TRC permit limit. This

document provides the TRC data generated by Dominion in support of DEQ’s suggestion.

METHODS and MATERIALS

TRC Analytical Procedure

TRC measurements were performed using a HACH DR 2800 Portable Spectrophotometer and
the HACH Uitra Low Range {ULR) Method 10014 (see attached). The ULR method has a
theoretical TRC range of 2 to 500 ug/L, and was selected for use in this project following
conversations with contract laboratories, DEQ staff, and other permittees and consultants

familiar with TRC analytical methods.



TRC Sampling and Analyses {June 24, 2009)

Grab samples were collected on June 24, 2009 from each of the six (6) screen backwash
discharges and from two (2) locations within the James River upstream from the backwash
outfalls. Locations of the backwash outfalls and two James River sampling stations are shown
in Figure 1. All samples were collected during a period of chlorine addition to the station’s
circulating water system. The James River is the source of make-up water to the screen intake
backwash discharges, and is tidal in the area of the Chesterfield Power Station. Consequently,
to account for any background river TRC concentrations all samples were collected
approximately midway through a period of ebb tide. The following TRC analyses were

performed.

¢ Asingle TRC analysis was performed on the sample collected from the James River at

sampling location A (just off the barge slip).

¢ Replicate TRC measurements were made on each of two samples collected from the
James River sampling location B {near the Unit 6 intake) at 10:12 AM and 10:30 AM. An
aliquot of the initial sample (collected at 10:12 AM) from this location was also tested
for TRC following the addition of Potassium lodide and Sodium Arsenite to correct for
manganese interference. A portion of the second sample (collected at 10:30) from

this location was retained for approximately three hours prior to TRC analysis.

e Asingle grab sample was collected from each of the screen backwash discharges. The
following three TRC measurements were made on each sample:
e Aninitial TRC concentration was determined
e TRC was measured following addition of Potassium lodide and Sodium Arsenite
to correct for manganese interference
¢ TRC was measured after allowing the sample to sit for approximately three

hours.



TRC Sampling and Analyses (August 5, 2009}

Because of the variability observed in TRC concentrations determined for the samples collected
on the June 24, 2009 (see results below), additional TRC analyses were performed on August 5,
2009 using samples of tap water and James River water. Samples of tap water were collected
from the Chesterfield Power Station’s laboratory spigot and were analyzed for TRC following
the addition of increasing concentrations of dechlorination agent (blanking reagent). Tap water
was also analyzed for TRC following the addition of blanking reagent and Potassium lodide and

Sodium Arsenite to correct for manganese interference.

Following testing of the tap water, four samples were collected from the James River sampling
location A. The samples were collected approximately midway during a period of ebb tide, and
were collected over a period of about one hour. The following TRC analyses were performed

using HACH Method 10014:

e  Sample 1(9:37 AM} - An initial TRC measurement was followed immediately by a second
TRC measurement. Aliquots of the sample were then treated with increasing
concentrations of the method blanking reagent (0.5 — 1.5 ml} until a relatively stable
TRC concentration was determined. An unaltered aliquot of the sample was then

retested for TRC to examine persistence relative to the initial sample.

e Sample 2 (10:00 AM) - This sample was analyzed for TRC

e Sample 3 (10:10 AM} - An initial TRC concentration was determined. TRC
measurements were then made on aliquots of the sample following addition of 1.5 ml of
the method blanking reagent alone and following addition of the blanking agent plus
Potassium lodide and Sodium Arsenite to correct for manganese interference. An
unaltered aliquot of the sample was then tested for TRC to examine persistence relative

to the initial sample.



Sample 4 (10:31 AM) — An initial TRC concentration was determined. TRC
measurements were then made on aliquots of the sample following addition of 1.5 mi of
the method blanking reagent alone and following addition of the blanking agent plus

Potassium lodide and Sodium Arsenite to correct for manganese interference.

RESULTS & DISCUSSION

TRC Sampling and Analyses (June 24, 2009)

Results of the TRC analyses performed on samples collected June 24, 2009 are presented in

Table 1, and are discussed below.

James River TRC Concentrations

Chlorine concentrations measured in the James River samples varied considerably with
initial TRC concentrations ranging from 27 ug/L at sampling Station A to 41 ug/L at
Station B. Chlorine concentrations also varted considerably between the two samples
coltected from sampling location B, and between the three concentrations determined
for the sample collected at 10:12 AM. Treatment of the 10:12 sample for manganese
interference yielded a TRC concentration of 28 ug/L. This suggests that manganese may
have been responsible for some of the TRC measured; however, relatively similar
chlorine concentrations of 27 ug/L and 31 ug/L were determined for aliquots of the
second sample collected from the same location at 10:30 AM. A chlorine concentration

of 24 ug/L was determined for the 10:30 sample three hours.

Screen Backwash TRC Concentrations

TRC concentrations measured in the screen backwash discharges ranged from 38 ug/L
{(Outfall 011} to 56 ug/L (Outfall 008). With the exception of Qutfall 011 the initial TRC

concentrations determined for all of the screen backwash discharges were slightly
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higher than TRC concentrations measured in the James River samples collected from
Location B. Following treatment for manganese interference, TRC concentrations in the
screen backwash discharges decreased in many outfalls (by 13 ug/L for Outfall 007) and
ranged from 38 — 46 ug/L. In addition, chlorine concentrations were lower than initial
readings three hours following sample collection in the samples from Qutfalls 006, 007,

008, and 009.

The data generated for the James River samples indicate that chlorine was present in the river,
and that TRC concentrations varied considerably between sampling locations in the James River
as well as between samples collected from the same river location. It is not possible from the
data, however, to determine whether the observed variability was due to spatial and/or
temporal differences in TRC concentrations or resulted from one or more of the following
factors: 1) differences in the concentrations of interfering substances, 2) the loss of chlorine
from the sample over time, and/or 3) the normal variability associated with the analytical
method. Similarly, elevated TRC concentrations were measured in the individual screen
backwash discharges, but it is not possible to determine from the data the reason for this

variability.

The mean concentration of chlorine for the two samples collected from the James River
location B is 32.83 ug/L, and the average TRC concentration for the six screen backwash
discharges is 46.17. A t-test shows no statistically significant difference between the two

means at the 90% level (see attached test results).

TRC Sampling and Analyses (August 5, 2009}

Because of the variability in TRC concentrations observed following analysis of the James River
and screen backwash samples, additional tests with tap water and James River water were

undertaken on August 5, 2009 to gain a better understanding of the capabilities of the



analytical method. Results of the August 5, 2009 testing are presented in Table 2 and are

discussed below.

Tap Water

An initial chlorine concentration of 844 ug/L was determined for the CPS laboratory tap
water, which is within the range of TRC concentrations expected for this water (see
attached 2008 Colonial Heights Water Quality Report). Addition of 0.5 ml, 1.0 ml, 1.5 ml
and 2.0 mi of the HACH Method 10016 blanking reagent (Dechlorinating Agent} reduced
the measured TRC concentrations to 243 ug/L, 88 ug/L, 69 ug/L, and 57 ug/L,
respectively. Addition of 1.5 ml of the blanking reagent plus sample adjustment for
manganese interference resulted in a TRC reading of 66 ug/L. These results indicate
that TRC can be reduced by the addition of the blanking reagent; however, the results
also suggest that the analytical system may continue to produce positive TRC
measurements as high as 57 ug/L even after the addition of 2.0 mg/L of the blanking

reagent.

James River Water (Sampling Location A)

Sample 1 - ATRC concentration of 86 ug/L was determined for this sample. An
immediate retest of the sample yielded a similar TRC concentration of 81 ug/L.
Addition of 0.5, 1.0 and 1.5 mi of the HACH Method 10016 blanking solution resulted in
TRC readings of 39 ug/L, 21 ug/L and 25 ug/L, respectively. Sample 1 was retested at
10:08 AM and a TRC concentration of 55 ug/L was measured.

Sample 2 - A TRC concentration of 61 ug/L was determined for this sample.

Sample 3 (10:10 AM) - An initial TRC concentration of 76 ug/L was measured in this
sample. Addition of 1.5 ml of dechlorination reagent resulted in a TRC concentration of
19 ug/L. Measurement of the sample following addition of 1.5 ml of dechlorination
agent and treatment for manganese interference resulted in a measurement of <1 ug/L

TRC, indicating that approximately 19 ug/L of the previous TRC concentrations were due
6



to the presence of manganese in the sample. A retest of the sample at 10:25 yielded a

TRC concentration of 73 ug/L.

Sample 4 (10:31 AM} - An initial TRC concentration of 74 ug/L was measured in this
sample. Addition of 1.5 ml of dechlorination reagent yielded a TRC concentration of 17
ug/L, and manganese correction plus 1.5 ml of dechlorination reagent resulted in a TRC

concentration of 11 ug/L.

Results of the August 5, 2009 TRC sampling support the results obtained during the June 24,
2009 sampling. Chlorine concentrations at the Jan;les River sampling location A were extremely
variable differing by 25 ug/l in the first two samples, which were collected 23 minutes apart. In
addition, a retest of Sample 1, performed approximately 30 minutes following sample
collection, yielded a TRC concentration that was 31 ug/L less than that measured in the initial

reading of this sample.

In addition, treatment of Samples 1, 3 and 4 with the HACH dechlorinating agent substantially
reduced the TRC concentrations measured in each of these samples indicating that TRC was
present in the James River above the intakes for the Chesterfieid Power Station circulating
water system. Treatment with the dechloriniating agent, however, did not totally eliminate a
positive TRC reading from any of the three samples. Additional treatment of Samples 3 and 4
for manganese interference totally (Sample 3) or partially (Sample 4) removed any residual

positive TRC measurement from these samples.

CONCLUSIONS

As suggested by DEQ, Dominion analyzed the Chesterfield Power Station’s intake screen
backwash autfalls for TRC using the HACH Ultra Low Range (ULR) Method 10014, which has a
theoretical QL of at least 38 ug/L. In addition, Dominion alse measured TRC concentrations in
samples collected from the James River shortly before sampling of the intake backwash

discharges, and performed additional tap water and James River sampling to further evaluate



the performance of the analytical method. Based on these evaluations the following

conclusions can be reached:

Background TRC may be present in the lames River upstream of the Chesterfield Power

Station.

TRC concentrations measured in the James River varied considerably between sampling
locations in the James River as well between samples collected from the same river
location on the same day and on different days. Considerable variability was also
observed between the TRC concentrations determined for the individual screen
backwash discharges. It is not possible from the data, however, to determine whether
the observed variability was due to spatial and/or temporal differences in TRC
concentrations or resulted from one or more of the following factors: 1) differences in
the concentrations of interfering substances, 2) the loss of chlorine from the sample

over time, and/or 3) the normal variability associated with the analytical method.

The average concentration of TRC measured in the intake screen backwash discharges
was not significantly different at the 90% confidence level from the average James River

background TRC concentration.
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" Statistical comparison of the mean TRC concentrations determined for the
James River {group 1) and the intake screen backwash discharges (group 2).

The SAS System
The TTEST Procedure

Equality of Variances

VYarinble

Methed | Num DF | Den DF | F Value

Pr>F

valoe

Folded ¥ § 1

1.29

1.0000

12

Statistics
Lower CL Upper CL [ Lower CL. Upper CL ]
Variable | group Mcon | Mean Mean Std Dev | Std Dev|  Std Dev | Std Err | Minimum | Maximum
value 1 -16.07| 32.85 31.769 24292 5.4447 173.74 385 29 367
value 2 39.683 | 46.167 52.65 38563 6,1779 15.152| 2.5221 IR 56
value DIft (1-2) -2543 7 -13.32 -1.206 319062 6.0619 13349 | 49495
‘I-Tests
Variable | Mcthod Variances | DF | t Value | Pr> i
value Pooled Egual 6 -2.69 [ 0.0360
value Satterthwaite | Unequal 197 -2.89) 0.1034



Cochran's Approximation to the Behrens-Fisher Student's t-Test (at a 5% Level of Significance)
To use this spreadsheet, please fill in only the shaded boxes.

Permit Number VA0004146
Facility Name Chesterfield Power Station
Parameter Total Residual Chlorine
What is the number of observations in the set of background data (n,)? 2
What is the number of observations in the set of monitoring data (n,)? 6
Background Monitored Site [Xp-Xp(ave)]? [Xn-Xm(ave)]?
1 27 38 49.000 66.694
2 41 42 49.000 17.361
3 49 0.000 8.028
4 45 0.000 1.361
5 56 0.000 96.694
6 47 0.000 0.694
7 0.000 0.000
8 0.000 0.000
9 0.000 0.000
10 0.000 0.000
11 0.000 0.000
12 0.000 0.000
13 0.000 0.000
14 0.000 0.000
15 0.000 0.000
16 0.000 0.000
17 0.000 0.000
18 0.000 0.000
19 0.000 0.000
20 0.000 0.000
Xp(ave) = 34.000 Xm(ave) = 46.167
Tp= 6.314 (from lookup table)
T = 2.015
S°=  98.000 = [(Xo1-Xo(ave))*+(Xoz-Xo(@ve))...(XonXo(ave))V(ny-1)
SpZ= 38167 = [(Xmi-Xm(@ave))+(Xma-Xm(@ve))’..(Xmn-Xm(ave))?l/(ny-1)
Tetar = 1.635 = [Xm(ave)-Xy(ave)l/sqrt(s,/nm + Sp2/ng)
Wy=  49.000 =s,%/n,
W, = 6.361 = sy,

Teomp = 5.820035625 = (Wy+T, + Wt Tr)/(W,, + W)

There is no significant difference between the monitoring data and the
background data

T-TEST (draft a).xIs



Dominion Generation
Chesterfield Power Station
500 Coxendale Road, Chester, VA 23836

@ L] @
Dominion

RECEIVED
NOV 1 02008

November 07, 2008 PR@

CERTIFIED MAIL
RETURN RECEIPT REQUESTED

Virginia Department of Environmental Quality
Piedmont Regional Office

4949-A Cox Road

Glen Allen, Va. 23060

Re: CHESTERFIELD POWER STATION - VPDES DISCHARGE MONITORING REPORT FOR
OCTOBER, 2008

Gentlemen:

Attached are the original and one copy of the October, 2008 VPDES Discharge
Monitoring Reports for Chesterfield Power Station. Also attached are ground
water remediation results for October, 2008, the Nutrient DMR’s, and the final
TRC Effluent Limit Compliance Project Progress Report.

As you know, this report is required by and prepared specifically for the
Virginia Department of Environmental Quality. It represents truly, accurately,
and completely the observed results of the measurements and analyses required by
the state to be performed or submitted, but only such results. It is not
intended as an assertion of the accuracy on any instrument, readings, or
analytical result, nor is it an endorsement of the suitability of any analytical
or measurement procedure.

If you have any questions or desire additional information, please do not
hesitate to contact us.

Sincerely,

7,
Richard T. Elder
Station Director

Attachments

cc: CPS Laboratory



Chesterfield Power Station
Total Residual Chlorine Effluent Limit Compliance Project

Final Progress Report
(November 6, 2008)

The VPDES permit for the Chesterfield Power Station (Permit No. VA0004146) was reissued
on December 10, 2004 and contains Monthly Average and Daily Maximum Total Residual
Chlorine (TRC) limits of 38 ug/L on the screen backwash discharges (Outfalls 006 — 011).
The station is to achieve compliance with the Total Residual Chlorine limitations no later than
48 months following the effective date of the permit (December 10, 2008).

By letter dated June 8, 2006, Dominion submitted to DEQ our Plan of Action and Conceptual
Engineering Report for achieving compliance with the TRC limits. The method selected to
achieve compliance is to relocate the points for sodium hypochlorite injection, which will
provide an unchlorinated freshwater supply to each of the screen wash systems. The
compliance plan was approved by DEQ on June 23, 2006 and Dominion began implementation
of the plan in August 2006. Our progress on this project to date is described below:

Project Progress

¢ All installation activities have been completed.

e Commissioning has been completed.

e The project has been completed. Chlorine has been removed as a potentially discharged
pollutant and, as our DMR indicates, we are in compliance with the Total Residual
Chlorine limitations.

Please contact Dawn Garber at (804) 796-6350 should you have any questions concerning this
project.



Fact Sheet
Dominion— Chesterfield Power Station
Attachments

Attachment 7

Discussion of 316(a) and 316(b)



2012 Discussion:

According to Dominion's reissuance applicaton, station operations have
not materially changed since the approval of the 316(a) variance in 2004.
There is also no evidence that the stream characteristics have materially

changed since that time. Consequently, it appears that the 316(a) study
approved in 2004 remains representative for the James River and station
operations. The variance, therefore, is carried forward in this reissuance.

Clean Water Act Sections 316(a) and 316(b)

Request to Continue CWA Section 316(a) Variance

Chesterfield Power Station currently operates under a Clean Water Act (CWA) Section 316(a)
thermal variance, which was granted by DEQ with reissuance of the VPDES Permit. The
process leading to DEQ’s decision to grant the 316(a) variance spanned about seven years.
During this seven-year period, Dominion worked closely with the DEQ and other stakeholders
to develop and implement a comprehensive 316(a) demonstration study plan. The study plan
approved by DEQ), and carmied out by Dominion, was multifaceted and consisted of resource
intensive field investigations involving the collection of extensive environmental data. These
data were coupled with state-of-the-art hydrodynamic modeling to examine the thermal
impacts to the James River associated with operation of the power station at full station
thermal load conditions. Results of the 316(a) study were reviewed by fisheries biologists who
are considered expert in their field. Their review found, and DEQ concurred, that the thermal
discharge from the Chesterfield Power Station does not cause appreciable harm to the overall
aquatic biological community and that a balanced, indigenous community of shellfish, fish,
and wildlife does exist in the James River in the vicinity of the power station.

The current VPDES permit for the Chesterfield Power Station contains heat rejection limits
(expressed as BTUs/hr) on the three non-contact cooling water discharges (Outfalls 001, 002,
and 003). Through the above 316(a) studies Dominion successfully demonstrated that the
existing heat rejection limits are protective of the balanced, indigenous aquatic community in
the James River. Since completion of these studies and issuance of the variance, station
operations have not materially changed with respect to the cooling water discharges and there
are no current plans to increase the thermal loading from the Chesterfield Power Station beyond
the existing thermal limitations. Dominion believes that the data generated during our 316(a)
studies remains representative for the James River and for our station operations, and therefore,
we request continuance of Chesterfield’s 316(a) variance.
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Clean Water Act Section 316(b)

The Chesterfield Power Station withdraws water from the James River for use in plant
processes. The majority of the water withdrawn is used in a once-through cooling water system
to dissipate waste heat from the station’s generating units. The intake structures associated
with this withdrawal are regulated under Clean Water Act Section 316(b). The following is a
brief summary of 316(b) related activities that Dominion has been involved with, relative to the
Chesterfield Power Station, during the effective term of the existing VPDES permit.

On July 9, 2004, EPA promulgated new 316(b) regulations governing cooling water intake
structures for existing power plants (Phase II rule), such as the Chesterfield Power Station.
Under the Phase II rule, Dominion was required to prepare and submit a Comprehensive
Demonstration Study (CDS) for the Chesterfield Power Station providing Dominion’s
mechanism for documenting compliance with the Phase II regulatory requirements. A special
condition was included in Chesterfield’s VPDES permit requiring submittal of the CDS by
January 7, 2008 as part of an application for permit renewal to incorporate 316(b) compliance
alternatives.

As an initial step in the CDS process, Dominion prepared a Proposal for Information Collection
(PIC) that described our approach to achieving compliance with the rule and the processes that
would be used to generate the information required for CDS development. The PIC for the
Chesterfield Power Station was submitted to DEQ on February 16, 2005 and was subsequently
approved by DEQ by letter dated July 29 2005. Another step in the CDS development process
involved studies to investigate the degree that the existing aquatic population of the James
River is being impinged and/or entrained by Chesterfield Power Station’s current water
withdrawal system. Dominion carried out these studies between July 2005 and June 2006.

On July 9, 2007 EPA suspended the requirements of the Phase II rule. As a result of this
action, the DEQ modified Chesterfield’s VPDES Permit on January 1, 2007 to remove the
requirement for submittal of the 316(b) related permit application. This condition was replaced
with the current Special Condition 1.B.21 which requires submittal of the biological data
generated as part of the approved PIC by December 31, 2008. In compliance with this
requirement, Dominion submitted a report containing the impingement mortality and
entrainment characterization results to DEQ on December 29, 2008.

18



2004 Discussion

Attachment 7 — 316(a) Demonstration

Special Condition 6 in the existing VPDES permit addresses the operation of a sparger
system in the Outfall 003 discharge canal to remove heat from the 003 wastestream.
Heat removal attributable to the full system (32 pump platforms with 4 nozzles each) was
theoretically 684.3 x 10° BTU/Hour. (Addition of that value to the thermal limitation in the
existing permit of 4.87 x 10° BTU/Hour results in the proposed limitation of 5.55 x 10°
BTU/Hour.)

In 1995, Virginia Power began discussions with DEQ staff regarding the retirement of the
sparger system. As retirement of the system represented a theoretical increase in the
thermal discharge at Outfall 003, the staff responded that a 316(a) study provided the
best mechanism for evaluating the issues associated with an increased thermal loading.
Section 316(a) of the Clean Water Act allows for a demonstration that thermal limitations
do not have to be more stringent than what is necessary to assure the protection and
propagation of a balanced, indigenous population of shellfish, fish, and wildlife in and on
the body of water into which the discharge is made. Included in this attachment are
letters dated December 21, 1995 from Virginia Power, June 27, 1996 from Virginia
Power, September 27, 1996 from DEQ, and January 15, 1997 from Virginia Power.
These letters provide a brief summary of the development of the 316(a) study plan.
Except for Dr. John Ney's report submitted with Virginia Power’s June 27, 1996 letter
and the study plan submitted with the January 15, 1997 letter, attachments mentioned in
the letters are not included in this fact sheet.

The goal of the study was to demonstrate that the requested increase in thermal loading
from Qutfall 003 would be in accordance with the protection and propagation of a
balanced, indigenous popuiation of shellfish, fish, and wildlife in and on the body of
water into which the discharge is made. The study consisted of two parts: Collection of
data to document the current condition and a thermal modeling effort to predict the
increase in stream temperatures at the higher thermal loading. Virginia Power was
allowed to turn off the sparger system so that the thermal loading at Outfall 003 would be
as close as possible to the requested loading during the 316(a) study. An initial, cursory
modeling effort gave some indication of what could be expected when the spargers were
turned off and provided the basis for staff approval to turn them off.

The following items are included in this attachment to provide a summary of the results
of the 316(a) study:

1. The “Executive Summary” and “Conclusions” from Virginia Power's 316(a)
Demonstration Report.

Also included from the 316(a) report are sections discussing fish kills that have
occurred in Farrar Gut — pages 7-29 through 7-31 and 7-41 through 7-45. Also
see Dr. John Ney's report dated June 1996.

2. Letter dated July 20, 2001 from DEQ staff concurring with the conclusions of the
316(a) study report. The need for additional thermal modeling was alsc noted.

3. The “Executive Summary” and “Conclusion” from HydroQual's thermal modeling
report dated November 7, 2003.



4, Papers from Dr. John Ney and Dr. Cynthia Jones commenting on the impact of
the predicted rise in temperatures at the proposed thermal loading on the
conclusions reached in the 316(a) study report.

The existing permit defines the thermal mixing zone (AT > 3° C) as follows: The old
channel of the James River around Farrar Island to its confluence with the main channel of
the James River at Dutch Gap, the coves and inlets of Farrar Island, and the main channel
of the James River, its bays, coves, inlets, and meanderings form the upstream boundary
at navigational aid QK F1 "155" (37° 23' 1" N and 77° 23' 1" W) to the downstream
boundary at navigational aid F1 sec "147" (37° 22' 7" N and 77° 19' 4" W). The projected
mixing zone based on the HydroQual modeling at the proposed thermal loading does not
appear to reach as far downstream as the existing, defined zone, and certainly does not
extend the existing zone.

The 316(a) study and related thermal modeling focus on shellfish, fish, and wildlife as
discussed above. Over the past several years in particular, questions have also been
raised about the human health effects of the elevated temperatures in Farrar Gut; i.e,
effects associated with swimming, boating, etc. (See the table in Attachment 5.c. for
QOutfall 003 temperature data.) The staff has discussed these issues with the State
Department of Health, Virginia Power, and Central Office staff. At this time our water
quality standards do not support the imposition of an effluent limitation in the permit
based on human health concerns. Virginia Power has historically demonstrated
compliance with the designated thermal mixing zone, and a successful 316(a)
demonstration represents compliance with the State's temperature standards. The issue
of human health effects must be more specifically addressed in our standards before we
can consider recommending a permit condition, which could also have implications for
other heated discharges. The Health Department is working with Virginia Power to
insure that appropriate signage is in place to inform the public of possible risks.



Innsbrook Techriical Center
5000 Dominion Bowlevard
Glen Allen, Virginia 23060

December 21, 1985

Mr. Ray R. Jenkins VIRGINIA POWER

Environmental Engineer Senior : .
Piedmont Regional Office ce: £PA
Department of Environmental Quality

P. 0. Box 6030

Glen Allen, Virginia 23058

RE: CHESTERFIELD POWER STATION-VPDES PERMIT NO. VA0004146-REQUEST
TO AMEND HEAT REJECTION RATE REQUIREMENTS FOR CUTFALL 003

Dear Mr. Jenkins:

This letter requests deletion of Special Condition No. 3 from VPDES
Permit No. VA0004146 and recalculation of the allowable heat
rejection rate for Outfall 003. This regquest is made as part of the
permit renewal process. We will file our complete application for
renewal .of the permit early next year but we request that review
and consideration of our request to delete the Special Condition
and recalculate the Outfall 003 heat rejection rate begin as soon
as possible.

Outfall 003 is the discharge of cdondenser cocling water from Units
4, 5, and & at Chesterfield Power Station into Farrar Gut, an oxbow
segment of the James River. Special Condition No. 3 involves the -
operation of the spray module or sparger system in the Outfall 003
discharge canal and the accounting of the heat rejection rate
attributable to the operation of the sparger system. The system was
installed in 1971 at a cost of $1.5 million and a design maximum
energy consumption of 2.5 megawatts of electricity. Current annual
operating and maintenance costs are approximately $0.5 million.

Virginia Power believes that the sparger system is not justified or
cost effective from an environmental and regulatory perspective and
that the system should be removed from service. Concomitant with
removal of the system, the heat rejection rate requirements for
Outfall 003 should be recalculated to reflect the design conditions
of the electric generating units and the condenser cooling water
discharge. ‘

We are not proposing any change to the thermal mixing zone
requirements in the renewed permit. Compliance with the gtate water
quality thermal standards at the end of the mixing zone will not be
compremised by removal of the sparger system. Importantly, in our
best professional Jjudgement, we do not expect any adverse
ecological impact -associated with removing the system.



Mr. R. R. Jenkins
December 21, 1995
Page 2

We have reviewed the legal and regulatory basis for removing the
system and increasing the allowable heat rejection rate. Our
conclusion is that the antibacksliding policy of the state does not
apply. Moreover, we believe that if the policy did apply, our
requested action is not prohibited by the policy. We have attached
a legal analysis addressing these issues that was prepared by our
counsel. '

Your timely review of this attachment and our regquest would be
appreciated. Once you have reviewed the legal analysis, we would
like to meet with you to answer any questions that may arise and to
further discuss the regulatory and environmental issues. 1 have
asked Bob Williams to contact you during the week of January 1,
1996 to set up a meeting. Meanwhile, if you have any immediate
questiong regarding this letter or attachment, please contact him
at 273-29594.

Sincerely,

A o Ufudder”

A. W. Hadder
Manager
Environmental Policy and Compliance

Attachment

RJIW/3mh



innsbrook Technical Center
5000 Dominion Boulevard
Glen Aflen, Virginia 23060

June 27, 1996

O

VIRGINIA POWER

Mr. Ray R. Jenkins, Jr.
Environmental Engineer Senior
DEQ-Piedmont Regional Office
4949-A Cox Road

Glen Allen, Va 23060-6296

Dear Mr. Jenkins:

As you are aware, since December of 1995, Virginia Power has been discussing with the
Department of Environmental Quality (DEQ) a request to retire the spray module or
sparger system in the cooling water discharge canal, Outfall 003, at Chesterfield Power
Station (see letter from A, W. Hadder dated December 21, 1995). DEQ has expressed
some concern over existing conditions in Farrar Gut including reported fish kills. After
several meetings and phone conversations, Virginia Power agreed to address the issues
and concerns identified by DEQ. A draft study plan was submitted to DEQ and comments
were received and responded to on April 23, and May 6, 1996, respectively.

Three primary task items were identified in the study plan. Each task item and the
consultant hired to perform the requested work are listed below:

1) Legal analysis of state and federal antibacksliding requirements-performed by
James Christman, Esqg. of Hunton & Williams.

2) Modeling study to predict thermal mixing zone compliance and water
temperature conditions, without sparger operation-performed by CH2M Hill (The
modeling protocol was approved June 10,1996 by Dale Phillips of DEQ).

3)  Ecological assessment of reported fish kills in Farrar Gut-performed by Dr. John
Ney of Virginia Polytechnic Institute and State University.

Enclosed are the finai reports of each of the three areas of interest. Five additional copies
are also included for distribution within the Piedmont and Central DEQ offices.

Overall, the reports provide several conclusions related to- the regulatory and
environmental issues associated with retiring the spargers:

1) The legal analysis concluded that increasing the heat rejection limit does not
violate state or federal antibacksliding rules.

2) The model predicted that without sparger operation the temperature at the
mouth of Farrar Gut would increase only 0.4° C and 0.5°C in the winter and
summer, respectively, with a linear maximum increase of 1°C to 2°C at the
upper end of the Gut. Upon retirement of the spargers, the thermal discharges
at Chesterfield Power Station are expected to continue to comply with the
Virginia Water Quality Standards Regulation (VR680-21-00).



Mr. Ray Jenkins
June 27, 1998
Page 2

3} The ecological assessment concluded that most of the reported fish kills were
dominated primarily by one species, gizzard shad, and were probably caused
by some rapid but transient change in water quality. The cause of the most
recent Kill, during the winter of 1996, is attributed to an unusually severe winter
which reduced ambient water temperatures. Winter cold shock kills will continue
to be a function of extreme climatological conditions, which will far override the
effect of a small rise in discharge temperature. The loss of gizzard shad in
Farrar Gut is considered economically slight and ecologically insignificant to the
balance indigenous community in the James River. (Please note that a copy
of Dr. Ney's report has also been forwarded to the Virginia Department of
Game and Iniand Fisheries.) '

Virginia Power believes that the attached reports properly address the concerns of DEQ
and that the findings strongly support our original request to retire the spargers.
Accordingly, we ask that Special Condition No. 3 be removed from VPDES No. VA
0004146 and that the heat rejection limit for Qutfall 003 be increased to 5.83X10°Btu/hour
(existing limit plus credit allowed, with an additional 5% to allow for improvements in station
efficiency). We also request that the new heat rejection limitation be incorporated into the
new permit, expected to be issued this fall.

If our request for permit modification is granted, Virginia Power proposes o leave the
spargers in the discharge canal for one year as a precautionary measure. In the event
compliance or environmental concerns arise during this period, the system could be placed
back in operation. In addition, we will be contacting you soon to schedule a meeting to
review our request and to discuss any interests in future monitoring.

Please let me know if you have any questions (273-2948).

Since;Z\ y Z@)

. W. White
Director
Environmental Compliance-Water/Waste

Attachments
JWWijmh

B -
Jim Christman - H&

Lisa Sullivan - CH2M Hill

Dr. John Ney - VPl

Gary Martel - VDGIF(w/Dr. Ney's report)



COMMONWEALTH of VIRGINIA
' DEPARTMENT OF ENVIRONMENTAL QUALITY

George Allen PIEDMONT REGIONAL QFFICE Thomas L. Hopkins
Governor . 4949-A Cox Road Director
| , Virgini
Becky Norton Dunlop Glen (Asllg:) 521,;%32@0 23060 Gerard Seeley, Jr.
Secretary of Natural Resources Fax (804) 527.5106 Piedmont Regional Director
http://www.deq.state.va.us
pi//wn q u ce: EPA

September 27, 1996

Mr. J. W. White

Director

Environmental Compliance - WaterNVaste
Virginia Power

Innsbrook Technical Center

5000 Dominion Boulevard

Glen Allen, Virginia 23060

RE: VPDES Pemit VAQ004146 — Chesterfield Power Station
Dear Mr. White:

As discussed at our meeting on September 11, 1998 the staff of the Department of
Environmental Quality has reviewed the requirements of a 316(a) study and attempted to identify
those areas that are of greatest concem for the James River/Farrar Gut area. Our reference for
the following discussion is a draft document developed by the EPA titled "Interagency 316(a)
Technical Guidance Manual and Guide for Thermal Effects Sections of Nuclear Facilities
Environmental Impact Statements” dated May 1, 1977. A copy of that document is enclosed.

The EPA document identifies categories of study and establishes for six biotic categories criteria
for determining if a thermal discharge represents a “low potential impact” to that category. If
classified as “low potential impact', the amount of additional work needed to address that
category should be minimal and a Type Il Low Potential Impact Determination wﬂl be needed
(see page 63 of document).

Our evaluation of the requirements of a 316(a) defnonstration is as follows:
1.  Phytoplankton
This biotic category may possibly be classified as "low potential impact”. There are

important questions about the phytoplankton community however, that should be answered
by an "Other Type Il Demonstration” (see page 64 of document). The demonstration

An Agency of the Natural Resources Secretariat



Page 2
Mr. J. W. White
September 27, 1996

Phytoplankton (continued)
should include algal'identiﬁcation and chlorophyll analyses at stations in Farrar Gut, the
"Lone Star" quarmy, the Jones Neck and Presquile Isle oxbows, the quarry located just
below Jones Neck Cutoff (public access available), and upstream above any thermal
influence (above Buoy 157).

2. Zooplankton and Meroplankton

This biotic category can probably be classified as "low potential impact”. A Type Ill Low
Potential Impact Determination will be needed.

3. Habitat Formers

This biotic category can probably be classified as “low potential inipact“. A Tybe lll Low
Potential Impact Determination will be needed.

4, Shellfish/Macroinvertebrates

This biotic category may possibly be classified as "low potential impact”, There are
important questions about the shellfish/macroinvertebrate community however, that should

be answered by an "Other Type |l Demonstration”. The demonstration should include a

comparison of the benthic community in Farrar Gut to that in the Presquile Isle oxbow.
5. Fish

A Type Il Demonstration (see page 34 of document) is required for this category. An
endangered species that may be in the study area is the sturgeon.

6. Other Vertebrate Wildlife

This biotic category can probably be classified as “low potential impact". A Type lil Low
Potential Impact Determination will be needed.

7. The outline for conducting a Type Il study identifies a number of areas that must he
addressed. Of particular importance are the following sections:

a. Plant Operating Data (3.5.3.1.), especially the section that requires an assessment
of chlorine in the discharge.

b.  Hydrologic Information (3.5.3.2.), especially the determination of tidal range; i.e., the
upstream and downstream tidal excursion.

¢. Plume Data Requirements (3.5.3.5.) with isotherms plotted at 1°C intervals.



Page 3
Mr. J. W. White
S_eptember 27, 1996

As the VPDES permit for the Chesterfield Power Station has expired, your comments on the
feasibility of conducting a 316(a) demonstration would be appreciated as soon as possible and
by no later than October 15, 1996.

We are continuing to research other questions you have raised and wilt respond as soon as
possible.

Please contact me at 804/527-5037 if you have any questions. If you feel that a meeting would
be helpful please let me know.

Sincerely,

Gy K. fordevt— fs .

Ray R. Jenkins, Jr.
Environmental Engineer Senior
Water Permits

Inj

cc. DEQ -~ Water Environmental Research and Standards
DEQ - Office of Water Permit Support



innsbrook Techbnical Center
5000 Dominion Boulevard
Glen Allen, Virginia 23060

January 15, 1997 &

VIRGINIA POWER
Ray R. Jenkins

Department of Environmental Quality
Piedmont Regional Office

4949-A Cox Road

Glen Allen, VA 23060-6295

RE: 316(a) Study Plan
Dear Mr. Jenkins:

Attached is Virginia Power's proposed study plan to conduct a 316(a) demonstration for
Chesterfield Power Station to determine if current thermal limitations and requirements are
more stringent than necessary to assure the protection and propagation of a balanced,
indigenous community of shellfish, fish and wildlife in the James River/Farrar Gut area. We
appreciate your suggestions for study categories in your September 27, 1996 letter to me
and we believe we have sufficiently addressed all of the categories in our study plan.

Please note that we have hired the following two consultants to assist us during the study:

1)  Dr. John Ney - Professor and Fisheries Section Coordrnator Virginia Polytechnic
[nstitute and State University

2) Dr. Cynthia Jones - Associate Director, Applied Marine Research Laboratory, Old
Dominion University

The consultants made recommendations concerning the development of the study plan
and will be advising us during the study. In addition, John Kauffman of the Virginia
Department of Game and Inland Fisheries, has agreed to participate in the study and
provide input into the process as appropriate.

The study plan includes a temperature monitoring program that willl fulfill the requirements
of Special Conditions 5 of the draft VPDES permit. Quarterly reports will be submitted
according to the schedule in the draft permit. A revised monitoring protocol will be
submitted within 60 days after the end of data collection for the 316(a) study.



Mr. Ray Jenkins
January 15, 1997
Page 2

Initiation of field data collection will commence upon DEQ approval of the study plan. We
wish to start the study during the first quarter of 1997.

Thank you for your timely review of the proposed study plan. Please call me at 273-2948
if you have any questions.

Sinc&db@

. W. White
Director
Environmental Compliance-Water/Waste

Attachment



STUDY PLAN FOR A 316(a) DEMONSTRATION A
HESTE LD R STATIO

JANU 1997

INTRODUCTION

In accordance with Section 316(a) of the Clean Water Act, Virginia Power has decided to
undertake a study to demonstrate whether the current thermal limitations in VPDES Permit
VA0004146 for Chesterfield Power Station (CPS) are more stringent than necessary to assure the
protection and propagation of a balanced, indigenous community of shellfish, fish and wildlife in
the upper tidal James River adjacent to the power station. A detailed study plan is described in this
document and includes all appropriate environmental components, including items recommended
by the Department of Environmental Quality (DEQ) in a letter dated September 27, 1996 from R.R.
J enkins, necessary to determine what thermal limitations and requirements are adequate to permit

efficient operation of the power station while assuring the protection of the aquatic community.

EPA has not issued final guidance that establishes the required elements of a 316(a)
demonstration; however, several draft documents have been published { DEQ references a 1977
draft EPA document in the above mentioned letter). The draft documents describe various
demonstration types (e.g., 1,2, or 3) and also provide fbr alternative study plans based upon the

uniqueness of the receiving water and the approval by the authorized state agency. It is not Virginia



Power’s intent to propose a specific demonstration “Type”, but to submit a study plan for DEQ
approval that will allow for the determination of whether the thermal dischérges from CPS cause
appreciable harm to the biological communities to the extent of interfering with the protection and

propagation of a balanced, indigenous community of shellfish, fish, and wildlife.

The study will essentially examine the thermal impacts associated with the operation of the
entire pm‘zver station ( Units 3-8 Jon the James River/ Farrar Gut area. Vifginia Power is specifically
interested in determining if the demonstration can justify the retirement of a floating power spray
module system, called a sparger system, used to reduce heat discharged from Units 4, 5, and 6. This
system was voluntarily installed in the early 1970s to provide SL;pplementaI cooling as well as to
increase dissolved oxygen levels in the river. Virginia Power believes that the continued operation
of the sparger system is not cost effective because there are no perceived environmental benefits

associated with its current operation.

A single variable is difficult to isolate in a complex ecological system such as the upper tidal
James River; therefore, impact assessment should be related to the total effect on the ecosystem. This
holistic approach allows scientists to consider the resiliency of biological systems to imposed
perturbations in assessing community health. For example, it may be possible that biological changes
or localized impacts within the Farrar Gut area could be identified while still maintaining a balanced,
indigenous community . Therefore, it is important to sample the biota seasonally and in areas within
and outside the influence of the thermal discharge. In addition, information on statioﬁ operation,
local hydrology, and thermal isotherms is necessary to relate to the results of biological sampling..
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METHODS
Study Sites and Frequency

Sampling locations will be selected to make physical and biotic comparisons among similar
habitats that are in Farrar Gut, the mainstem of the river, and areas out of the influence of the thermal
effects (e.g., James Is;land and Turkey Island oxbows). Seasonal collections will be made to reflect
anticipated differences in the physical, chemical, and biological environment.
Water Temperature and Dissolved Oxygen

Temperature and dissolved oxygen levels are interrelated and are important physicochemical
parameters in any thermal study of an aquatic ecosystem. Water temperature and dissolved oxygen
surveys will be conducted six times per year (Table 1) at Stations JR1, JR2, JR3, JR4, JRS5, JR6,
JR7, .IRS, JN1 and TI1 in the James River, at Stations FG1, FG2, FG3, and FG4 in Farrar Gut, and
at Stations Q1 and Q2 to represent quarries adjacent to both the gut and river (Figure 1). Waier
temperature will be measured to the nearest 0.1°C and dissolved oxygen to the nearest 0.1 mg/l using
Hydrolab Surveyor 3 water quality meters. Measurements will be made in one meter increments
surface to bottom at mid-channel and near both shores for a fotal of three sampling locations on a
transect at each station with the exception of the two quarry stations, and at Station FG2, where
channel width is minimal. At these stations, surface to boftom profiles will be made near the center
of the quarries and at mid-channel at FG2. Transect surveys will commence at slack before ebb tide
and/or slack before flood tide. The surveys performed during loW water slack (LWS) tides will start
at the downstream stations and work upstream. The surveys conducted at high water slack (HWS)
will begin upstream and work downstream. If an initial survey is performed on LWS, then one week
later a complementary survey will be performed at HWS. If the initial sﬁrvey is performed on HWS,
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then one week later a complementary sufvey will be performed on LWS.

In addition, continuous temperature recorders will be installed on the first survey of each pair
of surveys at Stations JR1,JRS, IN1, and TI1 in the James River and at Stations FG1, FG3, and FG4
in Farrar Gut.. The instruments will be prograrﬁmed to record temperatures at one hour intervals,
and will subsequently be retrieved on the second survey of each paired survey, one week later per
quarter.

Nutrients

Nutrient input from both point sources and non-point sources can affect the relative
abundance and species composition of both phytoplankton and zooplankton populations in the James
River and Farrar Gut. Water samples will be collected quarterly {Table 1) and analyzed for total
phosphorus, nitrate + nitrite, and ammonia at Stations JR1, JRS, JR7, JN1 and TI1 in the James
River and at Statioﬁs FG2, FG3 and FG4 in Farrar Gut (Figure 1) using a 3 meter PVC pipe with a
diameter of 4 cm. This collection method allows for an integrated surface and subsurface water grab.
Tidal conditions will be documented for each survey. Total phosphorus will be measured using EPA
Method 365.2, nitrate + nitn'te-will be measured using EPA Method 353.2, and ammonia will be

measured using EPA Method 350.3.

Phytoplankton and Chlorophyll (a)

Phytoplankton generally represent a significant portion of the basic energy requirements in
most surface waters through their ability to convert sofar energy and inorganic carbon to usable food
materials for zooplankton and some fish species (Odum 1971; U.S. EPA 1977). While most rivers
and streams are considered "low potential impact areas” for phytoplankton according to U.S. EPA's
316(a) Technical Guidance Manual (1977), there are concerns of thermal discharges resulting in
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phytoplankton population shifts toward nuisance species. Water samples for both qualitative and
quantitative analyses of phytoplankton community structure will be collected quarterly (Table 1) at
Stations JR1, JR5, JR7, IN 17 and TI1 in the James River, Stations FG2, FG3 and FG4 in Farrar Gut,
and at both quarry stations, Q1 and Q2 (Figurel 1). In tidal freshwater environments such as the
James River in the vicinity of Chesterfield Power Station, tidal fluctuations would be expected to
show minimal influence on the planktonic community structure (Dr. Harold G. Marshall, Old
Dominion University - personal communication), therefore sampling will not be correlated with a
particular tide cycle. Tidal conditions will, however, be documented for each survey. Water
samples will be collected using the same 3 meter PVC pipe used to collect nutrient samples, thus‘
representing an integrated sample including the euphotic zone. Two (2) replicate 500 ml
subsamples will then be preserved with Lugol's solution. In addition, Secchi depth and pH will be
measured at each station. The replicate subsamples will then be examined microscopically for
determination of taxonomic composition, algal concentrations (cells/liter) and cell volume (cubic
microns/microliter).

Although phytoplankton biomass estimates based on chlorophyll (a) measurement are
relatively imprecise, they sometimes provide additional insight into the relative amount of standing
crop (U. S. EPA 1973). Therefore, in addition to characterization of the phytoplankton community
by microscopic examination, the chlorophyll (a) content, adjusted for pheophytin (Standard
Methods 10200H), will also be measured through collection of samples quarterly.

Zooplankton represent the first consumer level of 'the aquatic food chain and are especially
important in the diets of young-of-year fishes and some species of adult fishes (Jensen 1974).
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Seasonal cycles of zooplankton abundance are dependent on food supply (aléae, protozoa, bacteria
and detritus) and temperature (Edmondson 1965; Pennak 1978). Zooplankton samples will be
collected quarterly (Table 1) at Stations JR1, JRS, JR7, JNI1 and TI1 in the James River and at
Stations FG2, FG3 and FG4 in Farrar Gut (Figure 1) concurrent with the nutrient and phytoplankton
sampling schedule. Three replicate vertical tows from bottom to surface will be made at each
midchannel station using an 80 micron mesh Wisconsin plankton net with the depth recorded for
determination of sample volume based on net dimensions. Samples will be preserved with
formalin/rose bengal dye and returned to the laboratory for microscopic examination and
determination of taxonomic composition and relative densities (number/cubic meter).
Benthic Macroinvertebrates

Benthic macroinvertebrates will be monitored to represent a sessile component of the riverine
biota. Aquatic macroinvel_’tebrates are considered to be excellent indicators of environmental stress
‘due to their lack of mobility, sensitivity to various environmental perturbations, and extended life
cycles (Hynes 1965; Lehmkuhl 1970; Cairns and Dickson 1971). Benthic macroinvertebrate
populations will be surveyed quarterly (Table 1) using an Ekman dredge at Stations JR1, JRS, JR7,
le and TII in the James River, and at Stations FG2, FG3 and FG4 in Farrar Gut (Figure 1).
Substrate in this area of the river generally consists of a mixture of silt, sand, clay and organic
detritus (Jensen 1974), and the Ekman dredge represents the most efficient gear for sampling
substrates of this type (Flannagan 1970; Howmiller 1971; U.S.EPA 1973). Samples will be
collected near ‘shore to avoid areas dredged fdr ship passage, and from similar substrate types.
Substrate type will be characterized and this information included in the station to station
comparisons. A total of three grabs will be collected per station. Each grab will be washed through
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a #30 mesh sieve, placed in a jar and labeled. The sample will be preserved with 80% ethyl alcohol
and stained with rose bengal dye. In the laboratory, samples will be hand-sorted, identified to major
taxa and enumerated for calculations of abundance at each station (average number of
organisms/square meter). Since benthic macroinvertebrates are sessile, sampling will not be
correlated with any particular tid;: cycle.
Juvenile and Adult Fishes

Fish populations represent the upper component of the food chain. Fish have the capability
to adapt to changes in their thermal regime via their mobility. Jensen (1;974) found that the relative
abundance of fishes in the study area varied seasonally and in response to thermal effluent. Boat
electrofishing will be utilized to monitor the littoral component of the fish population, while bottom-
set experimental gill nets will be used to monitor the offshore component. E!ectroﬁshing has been
utilized in stream sampling to characterize species composition, relative abundance, size distribution
and population structure and is considered more efficient and less biased than other saﬁpling
methods (Woolcott et al. 1_974; Catchings et al. 1984). Gill nets are often used to sample fishes at
depths not effectively sampled by boat electrofishing. Gill net data are not as quantitative as
electrofishing data, but can be used to identify the presence or absence of species not vulnerable to
electrofishing and as an indicatof of relative abundance (Little et al. 1984). Fish sampling will be
conducted seasonally (Table 1) to accurately represent the presence of fish within Farrar Gut and the
James River. Boat electroﬁslﬁng surveys will be conducted at Stations JR1, JRS, JR7, JN1 and TI1
in the James River, at Stations FG1, FG2, FG3 and FG4 in Farrar Gut, and at quarry Stations Q1 and
Q2 (Figure 1). At each station one hundred meters of shoreline will be electrofished. Selected
gamefish and larger rough ﬁsil will be measured (total length in mm) and weighed (weight in grams),
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and released in the field. The remainder of the catch will be preserved and returned for laboratory
processing and determination of the species composition and relative abundance of fish per station.
'As recommended in the U. S. EPA'§ 316 (a) Technical Guidance Manual (1977), three species will
be considered as "Représentative Important Species" (RIS) warranting more detailed study. These
species include largemouth bass (Micropterus salmoides) and channel catfish (Ictalurus punctatus)
as important game and commercial fish species representing the top of the aquatic food chain and
with varying life history requirements according to age, and gizzard shad (Dorosoma cepg‘ di@um)
which, while not commercially important, does represent a forage fish species when young and is
susceptible to thermal shock. Particular attention will be focused on the relative abundance of these -
species in Farrar Gﬁt, the mainstem James River and its oxbows and in the two quarry locations,.
An experimental anchor tagging study of bass anci catfish will be conducted to determine residency
and seasonal distributions (gizzard shad are too fragile to tag). In addition, length frequency, annual
. growth in length, and body condition (relative weight - Wr) will be examined for each RIS species
to identify any thermal effects on growth history. Reproductive success will be assessed bésed on
length frequency results, body condition and observatioﬁ of any spawning behavior (i.e. nesting
activity or spawning congregations).
In addition to electrofishing, experimental gill nets wili be deployed at Stations JR1, JRS,
JR7, IN1 and TI1 in the James River and Stations FG1, FG3 and FG4 in Farrar Gut (Figure 1) for
“a period of up to six hours. The length of the net sets may require adjustment dependent upon fish
and debris catch rates determined at the beginning of the study. The experimental gill nets will be
approximately 100 feet long and 6 feet deep with panels of 1-1/2", 2",‘ 2-1/2", 3" and 4" stretch
monofilament mesh. Any large fish exhibiting minimal net damage will be measured, weighed and
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released in the field, while the remainder of the sample will be processed at the laboratory. Gill net
results will be reported as catch per unit effort (hours) and used to supplement taxonomic
characterizations among stations.

As part of the fishery assessment, a literature search and communicatioh with regional
ichthyologists will also be conducted to identify any endangered, threatened or species of special
concern that could possibly occur in the study area. It is recognized that at least one species of
special concern, the Atlantic sturgeon (Acipenser oxyrhynchus) uses the tidal Ja@es River as a
nursery ground (Jenkins and Burkhead 1994). However, abundance appears to be very low: only 35
juvenile sturgeon were captured in extensive trawl surveys conducted by the Virginia Institute of
Marine Science between 1964 and 1982, Juvenile sturgeon might inhabit hard-bottomed areas of the
lower James River for up to three years, although the distribution and life history of Atlantic
sturgeon in the Chesapeake Bay region is poorly understood (Gilbert 1989). In the unlikely event.
that a juvenile sturgeon is captured in the course of this study, it will measured and released and the

'Virginia Department of Game and Inland Fisheries will be notified.
Habitat Formers

Aquatic vegetation can serve as important nursery areas for fish and other aquatic organisms.
The type of vegetation present can also reduce forage availability for piscivores, result in oxygeﬁ
depletion and create a nuisance for boating and recreational opportunities. The abundance and
distribution of aquatic plants can be influenced by a variety of factors including nutrient levels,
temperature, turbidity, siltatioﬁ and current velocity. Annual summer visual surveys by boat of the
study area will be conducted to identify aquatic plant communities. The data will be used to
document the size, distribution and composition of the aquatic plant communities. The vegetative
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communities in Farrar Gut, the mainstem James River, and the Jones Neck and Turkey Island
oxbows will then be compared. |
Vertebrate Wildlife

The presence and estimated abundance of vertebrate wildlife usage of the study area will be
documented by visual observation. In addition, concentrations of waterfowl and other vertebrate
wildlife observed during the biological monitoring surveys will be documented.
m

Station opérating data will be' provided to include station load, circulating water pump
operation, and an assessment of chemical usage and discharges (e.g., chlorine). Also, hydrologic
information associated with the study area will be presented including a description of the upstream

and downstream tidal excursion.

SCHEDULE AND FINAL REPORT .

Data collection will be initiated the first quarter of 1997, assuming there are no major
concerns with the study plan by DEQ. It is anticipated that, at a minimum, a progress review meeting
with DEQ will be requested after the first year of data collection to evaluate the status of the
demonstration and determine if changes are recommended for the second year. The Virginia
Department of Game and Inland Fisheries (John Kauffman) has agreed to participate in the 316(a)

study in an advisory capacity and should be invited to any progress review meetings.

The final report resulting from this study will present two years of data on all biotic
components, thermal and nutrient dynamics, and plant operating conditions. Appropriate
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comparisons will be made between similar habitats (main river, oxbows, and quarries) within versus
outside the thermal mixing zone. The narrative of this demonstration will synthesize this information
with the relevant literature base to comprehensively assess the effects of CPS thermal discharges on

the aquatic community of the James River.

The 316(a) study will provide the scientific information to determine whefher the existing thermal
limitations and requirements are more stringent than necessary to protect the aquatic community. It
is understood that any new heat rejection limitations proposed after the study will be based upon the
results of the demonstration including necessary predictions to account for any differences between

the limitations requested and actual operational levels.
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EIGURE 1; Approximate Sampling Lori;ations, Chesterfield Power Station, 316(a) Demonstration.
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INTRODUCTION

Virginia Power operates a six unit (1,750 MW total rating capacity) coal-fired
generating station on the James River near Chesterfield, Virginia. Cooling water is
withdrawn from the James River, and the heated effluent is discharged to the river (three
units) and to Farrar Gut (three units), a 3.5 mile backwater loop connecting to the James
River downstream of the station. Heated water enters the upstream end of Farrar Gut
through a 1,750-feet discharge canal, Since 1971, the discharge canal has contained 128
floating spray units (termed "spargers") intended to dissipate waste heat into the atmosphere,
reducing the AT of the discharge entering the Gut. The James River at Chesterfield is fresh
water under tidal influence (average of 2.9 ft. differential between high and low tides).

Sightings of dead fish in Farrar Gut have been reported on several occasions over the
35-year operating history of CPS. The most recent die-off occurred during the winter of
1996, prompting questions about the impact of CPS operation on the fish community of
Farrar Gut. At this time, Virginia Power is questioning the cost effectiveness of continued
operation of its sparger complex in the CPS discharge canal. The Company is concerned
whether termination of sparger operations would adversely affect the fish community of

Farrar Gut.

This paper addresses the concerns regarding past fish mortalities in Farrar Gut and
the potential incidence of such mortalities in the future. Specific objectives of this paper are
to:

) Identify the probable sources of past reported fish mortalities in Farrar Gut.

2) Evaluate the impact of these losses to the balanced, indigenous community;

and

3 Assess the potential influence of discontinuance of sparger operations on the

frequency and magnitude of future fish mortalities,



The paper represents my objective professional assessment of the impact of the operation of
Chesterfield Power Station on the fish community of Farrar Gut. This assessment is

- primarily derived from the sources of information listed below.

SOURCES OF INFORMATION

Inputs to this paper include data and reports on the James River/CPS/Farrar Gut
physical and biological characteristics provided by Virginia Power, the Department of
Environmental Quality (DEQ), the Virginia Department of Game and Inland Fisheries
(VDGIF), and the Virginia Marine Resources Commission (VMRC). This information was
supplemented by personal communication with DEQ and VDGIF personnel as well as with

Dr. Gregory Garman, Professor of Biological Science at Virginia Commonwealth University.

A third major source of information for this paper is the published scientific |
literature, most particulariy on the thermal tolerances of fish and the ecology of resident
species. Finally, I draw on my own experience as a professional fisheries scientist. Since
1976, I have been a faculty member at Virginia Tech, conducting research on anthropogenic
impacts to fish and other aquatic biota which include consequences of hydro and steam
electric power generation. Prior to employment at Virginia Tech, I was the Senior Biologist
for Wisconsin Electric Power Company, investigating potential impacts on :iquatic
communities resulting from chlorination, fish entrapment, and thermal discharges. I also
made a site visit to CPS and Farrar Gut on May 23, 1996.

In preparing this report, I have been most impressed with the spirit of ready
cooperation displayed by all parties from whom I asked assistance. I am particularly grateful
for the inputs provided by Mark Alling, Ray Jenkins and Bill Pfeifle of the DEQ staff, Dean
Fowler of VDGIF, and Greg Garman of VCU.



SOURCES OF PAST MORTALITIES

To my knowledge, five fish kills have been documented in Farrar Gut, the first in
1980, another in 1987, two in 1989, and the most recent in the winter of 1996. It is, of
course, possible that other incidents of fish mortalities héve occurred in Farrar Gut because
no one is assigned to survey for dead fish on a continual basis. However, any such kills, if
they occurred, were probably too transient and/or involved too few fish to bring attention to

the event.

For each of the five reported kills, I briefly summarize the reports, including any
assessments of cause. I then offer my own interpretation of probable cause, based on the
information available,

uly 1
Virginia Power and State Water Control Board personnel investigated a fish kill in
Farrar Gut that occurred about July 16 (internal report from A.C. Cooke to J. M. White,
Jr.). At least 14 species were included in this kill, predominantly catfish, gizzard shad and
shiners, probably totalling in excess of a thousand individuals. The kill appeared to have
occurred primarily in the vicinity of the discharge canal. Water temperatures measured on
July 18 were in excess of 40° in the discharge canal and upper end of Farrar Gut and
dissolved oxygen was 5.3 ppm. Mr. Cooke speculated that the kill may have occurred in
response to high temperatures coupled with low overnight dissolved oxygen from nocturnal
respiration by "great quantities of algae." Hypoxic conditions created by algae blooms
frequently cause extensive, overnight fish mortalities in eutrophic lakes and ponds, an event
termed "summerkill." It is entirely possible that a summerkill phenomenon was responsible
- for this Farrar Gut die-off, particularly if the late night period coincided with slack tide.
Alternatively, an abrupt change in water quality (temperature or potential toxicant) of the
discharge could have precipitated the kill. Whether the July' 1980 fish kill was primarily due

to extreme but natural conditions or anthropogenic causes cannot be determined at this time.



August 1987 _

Virginia Power personnel discovered approximately 1,000 dead gizzard shad in the
discharge canal and made a report to DEQ (letter from B. M. Marshall to R. R, Jenkins,
Jr.). Water temperature at this time was 42°C in the discharge canal, decreasing
progressively to 33°C at the mouth of Farrar Gut. Water chemistry measurements noted no
toxic concentrations and adequate dissolved oxygen. A Virginia Power (VP) biologist
speculated that the gizzard shad (only species reported) probably died of thermal shock. This
conclusion is reasonable, as the ultimate upper incipient lethal temperature for gizzard shad is
39°C (Stefan et al. 1992). However, gizzard shad avoid temperatures in excess of 37°C
(Williamson and Nelson 1985) and should not have been present in the discharge canal at
this time. A sudden rise from < 37°C to 42°C in effluent temperature could have produced
heat shock, but discharge temperatures immediately prior to the kill were not recorded.
Consequently, the cause of this kill is probably heat shock, but thé events that produced its

occurrence cannot be determined.

h 1989
An internal VP report (later reported to DEQ) found an estimated 2,000 dead fish in
the discharge canal on March 27, 1989. The majority of these were gizzard shad with some
channel catfish. Temperature in the discharge canal was 24°C. The reporting biologist
speculated that a chlorine overdose may have caused this kill, as the temperature was near
the preferred level of both species and no evidence of toxicants was found. In the absence of
data on discharge water quality when the kill actually occurred (March 24 or 25), this

explanation is reasonable.

May 1989

On May 2, 1989, approximately 3,500-5,000 dead fish were discovered in the
* discharge canal (report from B. M. Marshal to R, R. Jenkins, Jr.). Again, the vast majority
were gizzard shad with some channel catfish. Temperature (29°C) dissolved oxygen,
conductivity, and pH were measured when the fish kill was discovered and found to be well

within tolerance levels. This kill was similar in all respects to the March kill, except that
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excess chlorine discharge was not implicated. After the March die-off, daily inspections of
the chlorine feed system were implemented and chlorine discharge was maintained at target
concentrations. Speculation was offered that the gizzard shad may have died from stress
associated with spawning (in combination with migration into the discharge canal). This
explanation is not completely satisfying. Gizzard shad do not normally experience post-
spawning mortality, although cold-induced winter die-offs are common throughout the species
range (Becker 1983; Adams et al. 1985). However, spring die-offs of gizzard shad may
occur prior to spawning if the adult fish have experienced starvation (Adams et al. 71985).

- The condition and spawning status of the shad killed in this incident were not described.
Additionally, the pre-stress explanation does not account for the mortality of channel catfish.
It appears more probable that some rapid change in water quality within the discharge canal
precipitated this kill. Without constant monitoring of water chemistry parameters, it is
impossible to confidently attribute this kill to any particular agernit or cause.

Winter 1996

Unlike the fish kills in the 1980s, this die-off in Farrar Gut occurred several times
between January and early March. I do not have documentation of the total magnitude of
these kills, but at least 99% of the observed dead fish were gizzard shad, with some channel
and blue catfish as well as yellow perch (Mark Alling, DEQ, personal communication).

Water chemistry moritoring in February revealed no lethal levels of toxic substances
(Bill Pfeifle, DEQ, personal communication). Rather, the almost certain immediate cause of
death was cold shock, a result of the unusual winter weather of 1996 and tidal action in
Farrar Gut. Any person who has lived in Virginia for several years appreciates that the
winter of 1996 was abnormal for its heavy snowfalls and prolonged cold temperatures. A
snowfall of 30 inches blanketed much of the James River watershed in early January,
followed by a rapid melt-off and flooding near the end of the month. The same sequence of
events (high snowfall, rapid melting, flooding) was repeated in February. The infusion of
huge amounts of cold meltwater depressed water temperatures in the lower James River for

much of the winter. Thermal monitoring data from the James River in the vicinity of CPS
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substantiate the extreme temperature depression that occurred during the winter of 1996.
January water temperatures measured by VP personnel at a station about one mile upstream
of the CPS mixing zone boundary ranged between 2.7 and 6.4°C over the 1992-95 period,
but dropped to 0.5°C in January 1996. Monthly temperature measurements made by DEQ
personnel near this site (Buoy 157) between 1986 and 1995 were never lower than 2.5°C.

At high tide, James River water invades Farrar Gut, pushing up towards the discharge
canal. The middle and lower sections of Farrar Gut consist alternately of warm water from -
the discharge canal at low tides and, in winter, colder James River water at high tides. The
rapid change in temperature at specific locations provides the potential for cold shock for

fishes that are resident in those locations.

A DEQ study of water temperature distributions in Farrar Gut conducted in February
1996 provides an excellent illustration of the cold winter/high tide effects. On February 26-
28, temperature transects showed that water temperature decreased only 3°C (from 19°C to
16°C) from the discharge canal to the confluence with the James River at low tide, but 9°C
(from 19°C to 10°C) at high tide. The AT between low and high tides progressively
increased down the Gut, averaging only 1°C for the first mile below the discharge canal but
reaching 7-8°C at a station 0.5 miles above the confluence. At this latter station, readings
made twice per hour over the two-day period showed temperature shifts of as much as 10°C
(between 21° and 11°C) occurring within 1-2 hour time frame, in response to tidal flows.
Thus four precipitous temperature shifts (two up, two down) occurred daily during this
period.,

Each of these temperature differentials was probably not sufficient in itself to induce
cold shock mortality in gizzard shad and other fishes, but the repeated exposures likely
caused death in some fish. Thermal bioassays indicate that the zone of tolerance for fish
acclimated to one temperature then exposed to a second is rather large (Figure 1). The
temperature criteria promulgated to protect all fish against cold shock in thermal plumes
(USEPA 1986) indicates that fish can tolerate temperature differentials of 15°C when the
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discharge is 25°C and ambient water is 10°C, and 13°C when the discharge is 20°C and
ambient water is 7°C (see Figure 2). My review of the thermal tolerance literature (Coutant
1973; Becker et al. 1977; Houston 1982) supports this interpretation. For example, Otto and
Rice (1974) found that yellow perch abruptly transferred from 20°C to 10°C water
responded only by slowing swimming speed. Perhaps even more relevant to this paper, Cox
and Coutant (1976) reported that adult gizzard shad suffered only 10% mortality when
transferred from 20°C to 7°C (AT = 13°C).

The DEQ temperature/tide study of February 26-28, 1996 in Farrar Gut showed

Atemperature shifts that did not exceed single-dose tolerance limits or low lethal thresholds.
The fish kills that occurred in Farrar Gut during the winter of 1996 resulted either because:
1) at some times, the temperature shift was even more pronounced; 2) low lethal thresholds
were sometimes encountered (about 3°C for gizzard shad; Williamson and Nelson 1985); or
3) multiple exposures to temperature differentials induced death. Temperatures below the
incipient lower lethal limit probably did not occur in Farrar Gut because of the mixing of
heated discharged water with ambient river water. Lower high-tide temperatures than
. recorded in the DEQ study may have occurred when James River temperatures plunged to
near 0°C, but the heated discharge temperatures should have dropped concurrently, keeping
the AT similar. It is most probable that multiple exposures to rapid temperature differentials
were responsible for the fish kills in the winter of 1996. However, to my knowledge, the
response of fish to repeated, abrupt tempefature change has not been described.

Synopsis

The foﬁr fish kills reported in the 1980s in Farrar Gut were short-term events that
occurred in the discharge canal, most probably as the result of some rapid but undocumented
natural or anthropogenic change in water quality. Occurrence of the 1987 and 1989 kills
within a 20-month time frame 7-9 years ago suggests that they may be due to an operational
malfunction which has since been corrected.



The winter of 1996 fish kill differed from the earlier die-offs in that it was: a) a
prolonged, multi-episodic event; b) did not happen in the discharge canal; and ¢) was almost
'~ certainly due to cold shock. This fish kill was a response to the extreme climatological
conditions of the period. Although tidally-induced temperature shifts must occur within
Farrar Gut every winter, their magnitude is inadequate to induce large-scale mortality. Thus,
the winter 1996 fish kill should also be viewed as an anomalous event.

However, there is no guarantee that another fish kill will not occur again at some date
in Farrar Gut, as a function of weather, plant operation, or the condition and behavior of the
fishes themselves. The question that attends documentation and attribution of recorded and
potential kills is their impact, both to the balanced indigenous community and to the human

users of the James River fishery resource.
SIGNIFICANCE OF FISH KILLS

In all but the first documented cases of fish kills in Farrar Gut, the dominant species
affected (usually at least 99% by number) was gizzard shad. Other species identified
included channel and blue catfish, and yellow perch, but these occurred in lower numbers

and the impacts of their loss on the community and fishery should be correspondingly slight.

This aspect of my analysis consequently focuses on gizzard shad. There is anecdotal

- evidence that some of the dead shad may actually have been threadfin shad, a close relative.
The threadfin shad in the James River is an introduced species and a marginal member of the
fish community because of its poor tolerance of low (< 9°C) water temperatures (Jenkins et
al. 1993; Strawn 1965); it will not be considered further.

The gizzard shad is the leading candidate to be a victim of fish kills in the James
River due to its high abundance and thermal fragility. The gizzard shad ranges throughout
the Mississippi and Atlantic Coast drainages from the southern Great Lakes to the Gulf of

Mexico (Williamson and Nelson 1985). It is subject to massive winter die-offs (exclusive of
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those that might be associated with heated discharges) throughout its range (Adams et al.
1985). In Virginia reservoirs, die-offs of gizzard shad are a predictable consequence of

relatively severe winters (Ney et al. 1988). In northern waters, the abundance of gizzard
shad populations fluctuates dramatically with the severity of the winter (Becker 1983).

Gizzard shad thrive in warm, shallow, turbid, and mud-bottomed water, such as the
James River, where their number can become exceedingly high (Miller 1957). In many
freshwater lakes and reservoirs, gizzard shad can overpopulate, accounting for more than
half the total biomass of fish (Noble 1981). This shad is often regarded as a pest species,
and some states have active shad control programs (Becker 1983).

The relative contribution of gizzard shad to the James River fish community has not
been quantified. The species is "one of the most abundant, if not the most abundant fish" in
the tidal James River (Dean Fowler, VDGIF, personal communication). Electrofishing
surveys in the Richmond area found gizzard shad to be thé most abundant species,
comprising 22% by number of the total catch (Garman and Smock 1988). This relative
abundance is much higher than that reported by Jensen et al. (1974) for the James River.
However, this Johns Hopkins study sampled fish by seining and trapping, ineffective
techniques for gizzard shad. '

The economic value of gizzard shad to humans is limited to industrial (animal feed,
fertilizer) commercial uses; its flesh is tasteless and bony (Becker 1983). Preliminary
commercial harvest statistics compiled by the VMRC show average annual landings for 1990-
95 of James River gizzard shad at 520,000 lbs (about 1,000,000 fish) worth 10¢/Ib. (total of
$52,000/year).

The ecological value of the gizzard shad is as a forage fish for piscivorous sport and
commercial fishes. As a forage species, the gizzard shad is low on the food chain
(periphyton, detritus, phytoplankton, and zooplankton) and very prolific. However, it
rapidly outgrows the ingestibility limits of most of its predators (often within a few months
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after hatching) and can thus block much of the energy flow to the top of the trophic pyramid
(Ney 1981; Ney and Orth 1986). Gizzard shad have also been indicted in the suppression of
recruitment of bluegill and largemouth bass, through trophic competition with young-of—yéar

_ (Dettmers and Stein 1992; Noble 1981). Indeed, there is some evidence that highly abundant
adult gizzard shad can suppress production of their own progeny (Swingle 1950).
Conversely, low number of adults can beget large year classes of offspring (Miller 1957).

In summary, gizzard shad are highly abundant in the James River, sustain a low-value
commercial fishery, and serve the community function of energy transfer when young.
However, the gizzard shad soon outgrows most of its predators and can suppress recruitment
of sportfish species. Despite characteristic large-scale winter die-offs, the gizzard shad is

extremeiy resilient,

In appreciation of this combination of traits, the die-off of even several thousand
gizzard shad, as has occasionally occurred in Farrar Gut, can only be interpreted to have
negligible costs, both economic and ecological, and may actually be beneficial to the
balanced indigenous community.

POTENTIAL FOR FUTURE FISH MORTALITIES

Elimination of sparger operation will raise the discharge temperature into Farrar Gut
to some extent, which in turn raises concerns about thermal shock impacts on the fishes that
use that area. The potential for such impacts is largely a function of the extent to which
dlscharge temperature will be further elevated.

Continuous temperature measurements were made by VP personnel at the entrance
and exit of the discharge canal between February 14 and August 7, 1989, and between July
24 and Octcber 2, 1995. The difference between entrance and exit temperatures is primarily
due fo heat dissipation by the spargers. In 1989, the average temperature differential was
0.33°C while in 1995, the average differential was 0.91°C.
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Fishes will seek their preferred water temperature, and attempt to avoid both high and
low temperatures (Coutant 1977). A slight increase of discharge temperature during warmer
months may cause some fish to avoid the discharge canal to a greater extent than at present,
but avoidance will not result in mortality. Rather, the principal concern is for occurrence of
cold shock mortality due to a higher discharge temperature and potentially greater AT when
heated discharge and tidal inflow meet in Farrar Gut, the situation that apparently triggered
the winter 1996 fish fill.

foe in situ temperature measurements in the discharge canal during the February 14-
March 16, 1989 period produced an average temperature reduction of 0.15°C, and a
maximum of 0.6°C. However, only about half of the spargers were operating at this time,
From this data, a worst-case winter scenario would produce a temperature difference of

about 1.0°C in discharge temperature between 100% and 0% sparger operation.

An increase of 1.0°C in discharge temperature will expand the AT between low and
high tide periods in Farrar Gut by a lesser differential because the 'incoming high tide will be
mixing with the heated discharge to some extent. However, an addition of even 1.0°C
cannot be predicted with any confidence to perceptibly increase the frequency of cold shock
winter fish kills. Instead, the occurrence of such events is a function of extreme
climatological conditions, weather patterns that produce an unusual amount of snow and/or
cold, and much reduced ambient water temperatures for extended periods. The magnitude of |
any future cold-shock kill could be greater without the spargers to the extent that a < 1.0°C
increase in the AT exceeds the tolerance zone of resident fishes. Undoubtedly, many James
River fishes use Farrar Gut as a thermal refuge in the winter, but only the gizzard shad has
suffered large kills. An increase in AT of < 1.0°C in extreme winter might then increase
the shad die-off to a slight degree, particularly if cold weather is prolonged. However, the
loss to date of gizzard shad has had a negligible impact, and discontinuance of sparger
operation cannot be expected to discernibly affect the shad population nor its function in the

commurity.

11



SUMMARY AND CONCLUSIONS

Of the five documented fish kills in Farrar Gut, four were short:term events in the
vicinity of the discharge canal and were probably due to some rapid but transient change in
water quality. The most recent kill, during the winter of 1996, differed in that mortality
occurred over an extended period and throughout Farrar Gut. The cause of this kill was
most certainly cold shock, although the exact mechanism of lethality (multiple exposures or
one-time exceedance of the zone of tolerance) cannot be determined. The maghitude and
extent of the 1996 die-off can be attributed to the unusual severity of the winter, which
reduced ambient water temperature in the James River for extended periods.

Four of the five fish kills were dominated by gizzard shad. This species is a very
abundant and resilient fish with a history of thermal fragility over its wide geographic
distribution. The commercial fishery for gizzard shad in the James River is attributable to its
abundance rather than its economic value. Ecologically, the gizzard shad has an important
community function as forage for piscivorous sport and food fishes, but it rapidly outgrows
its predators and can suppress recruitment of young sportfish through trophic competition.
The documented loss of gizzard shad in the Farrar Gut fish kills is economically slight and
ecologically insignificant to the balanced indigenous community. '

Projections of the effects of sparger removal on the frequency or magnitude of future
fish kills is based on a further, worst-case elevation of temperature in the discharge canal of
1-2°C in summer and 1.0°C in winter. This slight increase in summer temperatures might
cause some fish to avoid Farrar Gut locations for longer periods but should not result in fish
kills. The frequency of winter cold shock kills will continue to be a function of extreme
climatological conditions, which will far override the effect of a minute rise in discharge
temperature. The magnitude of cold shock kills, if any occur, could increase for gizzard
shad, the most thermally sensitive species. The additional losses should not be sufficient to
discernibly affect the shad populations or the fish community.
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Executive Summary

In October 1996, Virginia Power communicated to the Virginia
Department of Environmental Quality (DEQ) its intent to undertake an
environmental study at the Chesterfield Power Station in Chester, Virginia in
accordance with Section 316(a') of the Clean Water Act (October 9, 1996 letter to
Mr, Ray R. Jenkins of DEQ). Section 316(a) provides for facilities that have a
thermal discharge into the waters of the Umted States to demonstrate whether
-current thermal effluent limitations are more stringent than necessary to assure the
protection and propagation of a balanced, indi génous community of shellfish, fish
and wildlife in and on the body of water into which the discharge is made.

The Demonstration was designed to characterize the interaction of thermal
effluent from the station’s Qutfall 003 with spatial and temporal variation in
nutrient concentrations, phytoplankton, zooplankton, benthic macroinvertebrates;>
juvenile and adult fishes, aquatic macrophytes, and vertebrate wildlife found in
thé vicinity of the Chesterfield Power Station. Field _éampling, which commenced
in April 1997 and concluded in February 1999, was conducted seasonally at sites
Jocated above and below the power station’s discharge on the mainstem James
River as well as in Farrar Gut (a former oxbow of the river that receives the
Outfall 003 discharge) and in oxbows downriver of Farrar Gut. In addition, two
flooded quarries connecfed to Farrar Gut and the Jones Neck Oxbow,
‘respectively, were sampled. The study makes extensive use of comparisons
among sampling locations as well as to results obtained by Jensen (1974) from

similar measurements taken during 1968-1971.
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Physical Components

Seasonal variation in water temperature followed ambient air
temperatures. Thermal influence of the discharge of Outfall 005 was most
prominent in the upper reaches of Farrar Gut with the downstream extent of the
thermal plume influenced by the direction of tidal flux. The mixing of thermal
effluent with tidal waters that occurs in Farrar Gut greatly reduces thermal
influence on tﬁe mainstem James River.

Dissolved oxygen measurements showed no evidence of summer oxygen
sags which were reported by Jensen (1974) thirty years ago. The measurements
further demonstrate that oxygen levels were adequate for fish even in the hottest
paﬁs of the summer. Results of this study and other recent work (Alden 1997)
show that water quality initiatives in the early seventies including improvements
in controlling point source pollution have resulted in improved dissolved oxygen v
levels in this section of the James River.

Nutnents

Nutrient concentration values from this study also showed that water
quality has increased markedly since the Jensen (1974) study with reduced
concentrations of total phosphorus and ammonia. In general, the results of this
study show that nutrient concentrations increased from upstream to downstream
and were stable in Farrar Gut. Further, samples collected ﬁear the station’s intake
and 003 Outfall were similar suggesting that the power station did not alter

concentrations of nutrients.
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Chlorophyll ¢ - Phytoplankton

- Concentrations of phytoplankton and chlorophyll a in rivers reflect a
gombination of nutrient availability, turbulence, light availability, turbidity,
washout, and consumption by grazers and therefore are quite variable.
Nevertheless, chlorophyll concentrations in Farrar Gut were very similar to those
from the James River. The overall trend among stations was an increase -
downstream. Values from the oxbow stations and quarry stations, however, were
considerably higher than the river stations, perhaps reflecting differences in all the
factors listed ébove. Algal abundance and biovolume values were highly
correlated with, but more variable than, the chlorophyll concentrations.

. Taxonomic analyses of algal abundance and biovolume by Dr. Harold
Marshall (Old Dominion University) revealed an extremely diverse assemblage
(100 taxa) of algae dominated by green algae and diatoms. Seasonally, a spring
bloom of diatoms was replaced by summer dominance by green algae, followed
by bluegreen algae into October, followed b); a resurgence of diatoms and green
algae. Higher algal abundances in Farrar Gut were correlated with the increased
temperatures there, but there was no corresponding taxonomic composition shift.
Algal abundance in this study frequently exceeded values reported By J CIISC.II
(1974) for 1970 and 1971, despite lower nutrient concentrations, suggesting

improvements in water quality since the Jensen study and that the power station

has no adverse effects on the phytoplankton community.
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Zooplankton

Zooplankters represent the first consumer level of the aquatic food chain
and are especially important in the diets of young-of-year fishes and some species
of adult fish. Therefore, vanation in their seasonal and spatial distribution and
abundance are important to the functioning of the system. A total of 25
zooplankton taxa was coliected with the rotifer group being thé most diverse
taxonomically. Rotifers were also the most abundant zooplankters collected, with
the copepod and cladoceran groups (crustacean zooplankton) ranked second and

third in abundance, respectively. Crustacean zooplankton abundance was much
higher (+427%) than that from 1968-1971 reported by Jensen (1974). Rotifer
abundance was not reported by Jensen (1974), therefore comparisons to rotifer
abundance in this study coulci not be made.

D’ﬁring summer, zooplankton community structure was less diverse 1%
upper Farrar Gut (station FG2) than at other locations while diversity indices in
lower Farrar Gut better approximated those from mainstem river and oxbow
stations. In fact, diversity at both lower Farrar Gut stations exceeded or eﬁualed
that of the Jones Neck Oxbow in August 1997 and July 1998. For the remainder
of the year, improvement in the zooplankton community‘ structure was evident at
FG2 with‘ diversity exceeding that of downstream thatiorlns‘ in Farrar Gut, mainstem
river and oxbow stations on some occasions.

Zooplankton density typically increased from upstream to downstream and

was highest during summer months. | Zooplankton density was consistently and

significantly lower at James River station JR1, located on the upstream boundary




of the study area, than at all other stattons. Zooplankton abundance at FG2 was
consistently greater than at JRI, yet also significantly less than most of the
remaining sites; however, zooplankton densities were highest at FG2 during
summer months. Zooplankton densities increased downstream in Farrar Gut to
the point that zooplankton abundance in the lower gut (FG4) was not significantly
different from that of the mainstem river or qxbows.

Taken together, these results suggest that the zooplankton community is
significantly healthier than it was in the early seventies (Jensen 1974), and the
power station does not negatively impact this ecosystem component.

Bénthjc .Macroinvertebrates

Because of their sessile nature, high reproductive rates, and relatively long
l-life spans, benthic maéroinvertebrates can serve as indicators of environmental
health/stress. As in Jensen’s (1974) previous study, the benthic community in the
tidal region of the James River in the vicinity of Chesterfield Power Station was
dominated numerically (98%) by Oligochaeta (worms) and Chironomidae
(midges). However the nymphs of the oxygen-sensitive mayfly Hexagenia were
collected during all months sampled in the current study, suggesting thaf water
quality has significantly improved since Jensen (1974} did his surveys. Seven of
eight sampling locations had similar abundances qf benthic macroinvertebrates,
and overall benthic abundance increased from upstream to downstream, similar to
algae and zooplankton (see above). Benthic density at station FG2 was
significantly (P<0.05) lower than all others, possiblyI due to its proximity to the

003 thermal discharge. Samples from Farrar Gut stations FG3 and FG4 had
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approximately 10 times as many macroinvertebrates as did FG2, and did not
differ from mainstem James River or oxbow stations.
Juvenile and Adult Fishes

Fish are considered the most critical component of aquatic biota in

- assessment of impacts from cooling water discharges because fish represent the

upper levels of the food web and so reflect the health of the lower levels. Their
tremendous popuiar appeal for recreational, commercial, and aesthetic reasons
causes the public to view the status of the fish community as indicative of the
health of the aquatic ecosystem. Therefore, extensive electrofishing and gillnet

surveys of fish abundance were conducted, with special analysis of largemouth

bass, channel catfish, blue catfish and gizzard shad as “representative, important

species”. Within the electrofishing samples, gizzard shad, threadfin shad, bluegill

sunfish, largemouth bass,‘carp, spottail shiners, and white perch were the ni’ot“st"
frequently taken taxa. The gillnet samples reflected a different fish capture
selectivity, with gizzard shad, threadfin shad, white perch, blue catfish, and
channel catfish the most commonly collected taxa. A total of 35 native and
introduced, riveu'ﬁe, and estuarine species was collected. Species compositions in
the current study were similar to those found by Jensen (1974) except for the
increased importance of threadfin shad and the replacement of two catfish by the
channel catfish and blue catfish abundant in the James River now.

Comparison of fish taken at stations within the power station’s thermal
mixing zone (FG1, FG2, FG3, FG4, JRS, Q1) with those t.:ollef:ted at reference

sites (JR1, JR7, N1, TI1, Q2), showed that the thermal stations attracted fish in
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winter resulting in the greatest seasonally averaged abundances, with the upper
reat;hes of Farrar Gut serving as a thermal refuge in winter. Non-thermal stations,
however, had more species (7.3 vs 6.0 for electrofishing and 5.4 vs 4.1 for gilinet
samiales, respectively). Fish avoided waters above. 35°C so fish were less
abundant at the northernmost Farrar Gut stations in summer, although soxﬂe were
collected in gillnet samples in July 1998. Fish abundance in the lower portion of
Farrar Gut (FG3 and FG4) was more similar on average to oxbow réference
stations than to upper gut stations. Oxbow stations tended to have a somewhat
inore diverse species composition than lower Farrar Gut stations, which may be a
function of accessibility and habitat. The two quarry stations had the least
seasonal variability in fish abundance, a reflection of the dominance of these lake-
like habitats by resident fish species such as bluegill sunfish, largemouth bass and
carp. The flooded quarry off Farrar Gut averaged 4°C warmer than its countetﬁiﬁ't 1
off the Jones Neck Oxbow, but electrofishing surveys consistently caught twice as
maﬂy fish there. Comparisons among mainstem James River stations upstream
and downstream of Chesterfield Power Station demonstrated that the power
station’s cooling water discharge had no discernable effect on the abundance and
composi*ion of the fish assemblage in the mixing zone.

The selected Representﬁtive Important Species (gizzard shad, largemouth
bass, channel catfish and blue catfish) were well distributed among the habitats
sampled in fisheries surveys and showed no negative influence of cooling water

discharge on growth, size distributions, or condition. Tag returns indicated that
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channel catﬁsh‘ and blue catfish were quite mobile, while largemouth bass were
more likely to remain within a home range.

Inffequent fish kills in Farrar Gut have been due to a combination of
causes — plant operation or malfunction, extreme weather, and the behavior and
physiologj of the fishes themselves. The January 1999 threadﬁn shﬁd kill

reflected a die-off of a species whose tolerance for cold (minimum = 9°C) is

‘marginal for the James River. Previous kills were dominated by gizzard shad, the

most abundant and sometimes ecologically problematic species in the fish

assemblage. The number of shad killed is negligible relative to their abundance

~and these events cannot be construed to have impacted the James River fish

assemblage.

Basically, the only identifiable effect on the fish component of the
community found in eifher this study, or by Jensen (1974), was the seasondl
attraction/avoidance response to the heated wgter.

Habitat Formers

The presence of aquatic macrophytes and the diversity of plant
communities was found .to be driven more by hydrodynamics than water
temperature. For example, current scouring at some sites serves to reduce plants
to patches of waterwillow and smartweed whereas the more-protected oxbows
and Farrar Gut had the richest and most diverse plant communities, consisting of
pickerelweed, wildrice, smartweed, arrow-arum, and broadleaf cattail. The

thermal effluent discharged from the power station did not appear to limit
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establishment of aquatic vegetation in Farrar Gut or elsewhere within the thermal
mixing zone.
Vertebrate Wildlife

Due to fhe importance of the James River to migratory and indigenous
waterfow] and other birds, an informal survey of birds was performed by Virginia
Power personnel as they conducted fieldwork associated with other aspects of the
study. Forty species of bircis within 16 families were recorded during the study.
In any given month, only 15-19 of these species were observed due to the
migratory behavior of most of the species present. Six species were observed
throughout. the study (double-crested cormorant, great blue heron, Canadé goose,
turkey vulture, black vulture, and bald eagle) and belted kingfishers and American
crows were observed in 11 of 12 months. Birds of prey (other than the bald
eagle) were among the less frequently observed with the red-tailed hawk¥
occurring in 7 of 12 months, northern harrier (2/12 months), red-shouldered hawk
(1/12 months), and broad-winged hawk (1/12 ﬁmnths). Overall, birds wére
frequently observed on the study sites around Chesterfield Power Station, with the
number of birds observed at stations at Farrar Gut often exceeding those further
away, even though the latter stations represented 2.5 times as many river miles as
are within Farrar Gut.
Conclusions

The results found in this report provide an objective and scientific
assessment of the effects of the existing thermal discharge from the Chesterfield

Power Station on the aquatic community in the James River. The results from



this study demonstrate that the thermal discharge from Outfall 003 does not cause
appreciable harm to the overall aquatic biological community and a balanced
indigenous community of shellfish, fish and wildlife does exist in the James River

in the vicinity of the power station.
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10.0 Conclusions

. The objectives of this study wére to firstly characterize the components of
the aquatic ecosystem in the James River in the vicinity of Chesterfield Power
Station, a.tlld then secondly, to assess the impacts of the station operations
specifically from Outfall 003, and with the sparger system inactive, on these
components. The study was conducted over a two-year period in accordance with
protocol that was developed by representatives from DEQ, VDGIF, academia,
and the power company. The overall intent of the study design was to provide
requisite information for valid evaluations leading to informed decisions.

We are confident that all of these objectives were accomplished thanks to
the oversight and input from all representatives of the team. The study results
clearly demonstrate that the discharge from 003, even with the spargei%i* ’
deactivated, has not caused appreciable harm to the overall aquatic biological
community in the J ames River in the vicinity of the power station to the extent of
limiting or restricting the balanced, indigenous bqpulatio@s of s_h__ellﬁs_h, ﬁ_;;h and
wildlife. There are seasonal and w}ery local results. For example, the fish move in
and out of the immediate discharge area seasonally yet downstream of the
discharge area the fish populations are comparable to other parts of the s_tudy area.
Similarlyh the benthos are suppressed proximall to the discharge but they too.
recover further down Farrar Gut.

In the final analysis, the results of this 316(a) Demonstration show that the

current thermal effluent limitations in the VPDES Permit VA0004146 for
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Chesterfield Power Station are more stringent than necessary to assure the
protection and propagation of a balanced, indigenous aquatic community in the

James River 1n the vicinity of the station.
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recaptured in the quarries in which they were tagged, two showed regional
movement within the study area (JR1 to JR4, FG4 to JR4) and one, tagged at
FG1, was recaptured at Hopewell six months later. Two channel catfish were
recaptured near the same station at which they were tagged. Two were recaptured
in Richmond, one four days after tagging. One blue catfish tagged at FG1 in
.Tanuary 1998 was recaptured in July at Hopewell near a paper mill; however, the
temperature regime there is unknown. Based on these results, the catfish species
showed a greater propensity for movement than did largemouth bass and
information was limited regarding movement of RIS in response to water
temperature.
Incidence of Fish Kills

Two fish kills (i.e., observation of a number of dead fish) occurred in
Farrar Gut since this study was initiated in 1997. These are described here.

Febmary 18. 1998 - Approximately 170 dead gizzard shad in the 4-6"

range were counted in the 003 discharge canal. Cause of death is uncertain. The
James River was high and turbid from rainfall the previous day. Station personnel
evaluated the operation of the station to determine if there had been any upsets,
spills or other unusual occurrences. None were found. Unit 6 was operating at
reduced load and the station’s chlorinatic;n system was not operating. Water
temperature in the discharge canal at 3 p.m. was 18-19°C. At this time fish were
observed breaking water and moving about the canal in apparent good health.
Several anglers were fishing in the discharge canal; anglers had previously been

observed collecting shad for bait in the canal with cast nets. Whether the shad
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were discarded bait or died from some cause associated with the recent rainfall
event could not be determined. Densities of both gizzard and threadfin shad were
high throughout Farrar Gut in the January 1998 electrofishing survey. Relative to
their total abundance, the number of dead gizzard shad represented an

insignificant and very localized mortality event.

February 26, 1999 - About 10,000 dead threadfin shad (3-5"") were found

in the discharge canal. Death was most likely due to cold shock after Unit'6 went
off-line the previous day, reducing water temperature in the immediate vicinity of
its discharge to 7°C. Units 4 and 5 remained in operation, and downstream
mixing caused the temperature midway down the canal to be 17.5°C. Threadfin
shad abundance was extremely high in Farrar Gut in the January 1999
electrofishing survey. Although Unit 6 had experienced 26 outages in the
previous 14 months, only this particular outage was followed by a fish kill. The
combination of high shad density and extreme low river temperatures appeared to
interact to produce the fish kill during this outé.ge.

An additional s,OOOdead. threadfin shad were observed in the mainstem
James River at the embayment next to the CPS intake screens backwash sluice;
they had apparently been impinged on the vertical travelling screens, then washed
off. A recent cold snap had reduced ambient river temperature to ~ 5°C.
Threadfin shad are notoriously cold-intolerant, becoming stressed and ultimately
dying when water temperature falls below 9°C (Strawn 1963). The low river

temperature most probably killed the shad prior to impingement. It is also
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probable that a major die-off of threadfin shad occurred throughout the lower
James River at this time.

7.3  Discussion

James River Fiéh Assemblage

A total of 10,433 specimens was captured in the fisheries surveys, 23% by
gillnet and 77% by electrofishing. The disparity in. tofal catch reflects differen(;es
in the two gears and the nature of their deployment. Electrofishing is an
instantaneous and active capture technique, while gillnets are passive, relying on
movement and inability of fish to avoid the nets (Murphy and Willis 1996). In
this study, gillnets were set for ~4 hours duning daylight. Sets of longer duration
or at night would have produced more fish (Hubert 1996). However, neither was
possible in this study because of the high number of stations involved, and the
safety hazard posed by night sampling on the James River.

Gilinets and electrofishing are effective and complementary capture gears.
Gillnets target mobile, fusiform fish that wedge or gill in the mesh (e.g., white
perch) as well as spiny fishes that entangle (e.g., catfishes). Electroﬁshjng_ is most
effective in surface waters (to ~ 6') and targets both sedentary (e.g., sunfish) and
schooling species {e.g., gizzar& shad). Electroﬁshiqg is also rnoré effective for
smé]l fishes (e.g., shiners, young-of-year) that can pass through even small-mesh
gillnet panels.

Catches by the two gears showed some strong similarities as well as
expected differences. For each gear, almost half the total catch was the two

Dorosoma species, gizzard and threadfin shad, which is indicative of their high
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catfish species. There was little evidence of movement of these RIS in response

to water temperature.
Incidence of Fish Kills

Two ﬁshr kill events have occurred in Farrar Gut since 1997, and four
previous fish kills have been documented since 1987. Ney (1996) investigated
the nature and causes of these mortalities. His findings, as well as relevant
information on the ¥ ebl;uary 1998 and February 1999 die-offs, is reviewed here to
identify causes and assess ecological significance.

The February 1998 kill occurred in the Farrar Gut discharge canal and
involved <200 gizzard shad. No CPS unit shutdown or excess chlorine discharge
preceded the finding of dead fish. It is possible that the dead shad wére bait
discarded by anglers. |

The February 1999 fish kill involved approximately 10,000 tﬁreadfm shad
in the discharge canal and about another 5,000 washed off the travelling screens at
the CPS Jaﬁes River intake. Mortality in the discharge canal was probably due to
shutdown of Unit 6, which plunged the digcha;gf: temperature to 7°C ‘ Thrgad_ﬂn_
shad in the immediate vicinity of that effluent thus suffered lethal cold shock.
However, the impingement losses should be comsidered a natural event.
Threadfin shad cannot tolerate temperature <9°C, and the ambignt James River
temperature was ~5°C due to a cold snap.

One brief fish kill occurred in 1987 with two more in 1989, as well as a
more prolonged die-off during the winter of 1996. These appear to have had

various causes. The first event, in August 1987, involved ~1,000 gizzard shad in
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the discharge canal which Ney (1996} considered most plausibly due to a sudden
rise in temperature and resultant heat shock. In March 1989, ~2,000 fish, mostly
gizzard shad with a few channel catfish, were found dcati in the discharge canal.
Water témperature was 1n the pfeferred range (~25°C), and no generating unit
shutdowns occurred. It is probable, however, that a sudden change in discharge
water quality did happen, pe';'haps involving excess chlorine. A similar ki!l-
occurred in May 1989 involving ~ 5,000 fish, again predominantly gizzard shad
with some channel catfish. Again, some sudden change in water quality was
probably responstble, although the source could not be identified. |

Fish die-offs in Farrar Gut occurred several times between January and

garly March 1996. Total counts of dead fish were not made, but involved at least

99% gizzard shad. Unlike previous mortality events, this one was prolbnged and

not confined to the discharge canal. Fish almost certainly died of cold shock, the
result of an extremely cold winter and rapidly altemating water temperaturés due
to normal plant operation and tidal flow. At high tide, extremely cold waters
pushed up the Gut,:disﬂplaging the warm outflow. Temperatures in the middle and

lower Gut dropped as much as 10°C within an hour, twice per day. While the

bioassay literature indicates that-fish can withstand one such event, death would -

likely occur from the cumulative stress of repeated exposures.

Review of these six fish kill events (in the past 12 years) implicates a
variety of causes - plant operation (or malfunction), extreme climatic conditions,
and the thermal behavior and tolerance of the fishes themselves. These have been

uncommon events that pnmarily involved (usually >99%) gizzard shad and
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threadfin shad, both smail, highly abundant fishes that are thermally ﬁ'agile; The
threadfin shad in the James River is an introduced species (native to the far
southern U.S. and Mexico) that simply cannot tolerate cold winters. Wherever it
exists ?n Virginia, the threadfin shad undergoes huge die-offs in cold winters.
Because it is very prolific and can produce two generations per year, populations
can rebound quickly following a mild winter. "Boom and bust" fluctuations
characterize Virginia threadfin shad populations. In the "balanced indigenous
community” of the James River, the threadfin shad must be considered a marginal
member whose continued existence depends on the availability of winter thermal
refuges, such as provided by Farrar Gut.

The native gizzard shad is also subject to massive winter die-offs
throughout its broad range from the Great Lakes to the Gulf of Mexico (Adams et
al. 1985). More cold tolerant than threadfin shad, gizzard shad have a iower
lethal threshold of 3°C, although prolonged exposure to slightly higher
temperatures can be fatal. (Williamson and Nelsoﬁ 1985).

Gizzard shad are both extremely prolific ar__ld low on the food chain; they
account for half the ﬁsh biomass in some lakes and reservoirs (Noble 1981).
Electrofishing surveys in the James River near Richmond by Garman and Smock
(1988) found gizzard shad to be the most abundant species, accounting for 22% of
the total catch. In the present study, gizzard shad were 16% of the electrofishing
catch and 39% of the gillnet catch (threadfin shad were 27% and 11%,

respectively).
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During the 1990-95 period, the Virginia Marine Resources Commission
recorded annual commercial landings of James River gizzard shad averaging
520,000 lbs. per year worth $0.10 per Ib. as animal feed or fertilizer.
Ecologically, gizzard shad is most important as a forage fish for valued game and
commercial species. However, it rapidly outgrows the ingestibility limits of most
predators and can then block energy flow to the top of the food web (Ney and
Orth 1986). Gizzard shad have been indicted in the suppression of sportfish
populations through trophic competition with their young, and high populations of
gizzard shad can suppress production of their own progeny (Swingle 1957).
Conversely, low numbers of adults can produce large year classes of offspring
(Milier 1957). Some states coqsider gizzard shad a nuisance species and have
active control programs (Becker 1983).

In summary, the six reported fish kills at CPS since 1987 have been
comprised predominantly of gizzard and (recently) threadfin shad numbering a
few hundred to several thousand. Both were highly abundant species during the
course of this study, although threadfin shad abundance is controlled by the
severity of the winter and the species is, at best, a "wild card" in community
dynamics. Gizzard shad sustain a low-value commercial fishery, and their forage
value, while substantial, is largely limited to young-of-year. On the negative side,
gizzard shad can depress early growth and survival of other fishes. Despite
occasional large-scale winter die-offs, gizzard shad populations are extremely

resilient.
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In appreciation of these features of the two shad species, the magnitude of
their losses in the Farrar Gut fish kills can only be interpreted to have had
negligible costs, both economic and ecological. Otherwise, the fish kills only
involved a few cha;lnel catfish, which remain abundant, along with expanding
populations of the introduced blue and flathead catfishes. The infrequent fish
kills that have occurred in Farrar Gut must be judged to have had no discemible
impact on the balanced indigenous community of the lower James River in the
Chesterfield area.

74  Conclusions

This intensive two-year field study characterized the fish assemblage of

the James River in the vicinity of Chesterfield Power Station. Fish abundance and

species composition were highly dynamic, among stations, seasons, and years.

However, spatial and temporal compansons described pattems of fish distribution i ;

and permitted a detailed assessment of the impacts of the CPS cooling water
discharge into Farrar Gut on the fishes of the James River. The study resulted in
the following conclusions:

1. The lower James River fish assemblage is a diverse mixture of
native and introduced, riverine, and estuarine species, many of which are highly
mobile. Of the 35 species captured in electrofishing and gillnet surveys, eight
(gizzard shad, threadfin shad, bluegill sunfish, spottail shiner, channel and blue
catfish, carp, white perch) constituted over 90% of the total catch. The James
River fish assemblage in the Chesterfield area was previously described in a Johns

Hopkins University study from 1968 to 1971. In the course of 30 years, the fish
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July 20, 2001

Ms. Pamela F. Faggert '

Vice President and Chief Environmental Officer

Dominion Energy & Dominion Generation

Innsbrook Technical Center _ ,

5000 Dominion Boulevard ‘ ’
Glen Alien, Virginia 23060

RE: VPDES Permit No. VA0004146 Chesterfield Power Station
316(a) Demonstration

Dear Ms. Faggert:

The staff of the Department of Environmental Quality has reviewed -the 316(a)
Demonstration Report submitted by your letter datéd February 29, 2000, and CH2MHiil's
“Thermat Impact Modeling Study for the Virginia Power Chesterfield Station” submitted
by Bilt Bolin on February 22, 2001.

The staff concurs with the conclusion stated in the 316(a) Demonstration Report that at
the conditions observed during the study, the thermal discharge from Quitfall 003 should
not cause appreciable harm to the overall, aquatic biological community, and that a
balanced, indigenous community of fish, shelifish, and wildlife exists in the James River
in the vicinity of the power station. The thermal modeling report however, does not
adequately predict the temperatures that will be experienced at full load (i.e., at the
thermal limitation requested by Dominion) and consequently, additional thermal
modeling is needed to accurately predict those temperatures. After those temperatures
are predicted, an assessment must be made to determine if the conclusions of the
Demonstration Report are stil! valid at the predicted temperatures.

As the staff has questions about some of the specific assumptions and inputs used by
CH2MHill in their modeling, we suggest a meeting with Dominion staff and the modeling
consultant. It may be advantageous to also develop the model to evaluate pollutants
such as ammonia as Dominion is pursuing authorization to discharge ammonia at Outfall
004.
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EXECUTIVE SUMMARY

The Chesterfield. Power Station (CPS) is a fossil-fuel electric generating station on the James
River east of Richmond and is owned and operated by Dominion (the Company). An extensive
316a Demonstration on the cooling water discharges for Units 4, 5 and 6 was conducted by the
Company in 1997-1999 under various typical operating conditions.

Following submittal of the 316(a) Final Report the Vitginia Department of Environmental
Quality (VADEQ) responded with the following in a letter to the Company:

“The staff concurs with the conclusion stated in the 316(a) Demonstration Report that at the
conditions observed during the study, the thermal discharge from Outfall 003 should not
cause appreciable harm to the overall, aquatic biological community, and that a balanced,
indigenous community of fish, shellfish, and wildlife exists in the James River in the vicinity
of the power station. The thetmal modeling report however, does not adequately predict the
temperatures that will be experienced at full load (i.e., at the thermal limitation requested by .
Dominijon) and consequently, additional thermal modeling is needed to accurately predict
those temperatures. After those temperatures are predicted, an assessment must be made to
determine if the conclusions of the Demonstration Report are still valid at the predicted
temperatures.”

HydroQual, Inc. was contracted by the Company to perform the subsequent modeling smdy
utilizing data from the 316a and compa.nng them to predicted values of the Chesterfield P, S
operating under the full permit load conditions of 5.55 x 10° BTU/ht for Units 4, 5 and 6 and
1.78x10° BTU/hr for Units 3, 7 and 8. The three-dimensional hydrothermal model, ECOM, used in
this study has the capability of predicting time variable intake, outlet and river temperatures. The
present modeling analysis provides an objective and scientific assessment of the thermal discharges
under full permit load conditions.

A practical, numerically efficient, accurate apptoach has been taken in order to discretize the
entire water body including Farrar Gut and the James River within a single modeling grid
framewotk. An orthogonal, curvilinear grid system consisting of a 46x24-segment grid in the
horizontal plane was used. A transformed O-coordinate system in the vertical plane with 11 layers
allows the model to have an equal number of high-resolution vertical segments in all the
computational grid bozes.

Dominion conducted a series of 24 synoptic temperature monitoring surveys from May 1997
through February 1999. Each survey measured vettical profiles at fourteen stations throughout the
James River and Farrar Gut. An assessment of the available data revealed that the year 1998 has 2
complete set of temperature profile data covering both the winter and summer months. Therefore,
the model simulation period was selected as January through December 1998. This provides an
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opportunity to model both the critical wintet and summer months and determine the temperature
rise in Farrar Gut and the James River when the plant is operating in accordance with its full permit

capacity.

Different types of data wete used as input to the model. Water level boundary conditions
were applied at the open boundary at Eppes Island near Hopewell, VA (NOS Station 8638481),
using tidal harmonics (amplitude and phase) of the $2, M2, N2, K1, P1 and O1 components. In
addition to the water level boundary conditions, the model also requires temperatures at the
downstream boundary at Eppes Island. Observed temperature at Turkey Island station (TT1) was
used for the downstream boundary conditions. The model was also driven by daily averaged
freshwater flows and associated temperaturé as measured at the USGS flow gage at Richmond, VA.

‘These flows wete applied at the grid cell at Richmond. Unfortunately there was no continuous

record of temperature available for the Richmond gage. Thetefote the temperatute recorded at
station JR1 during 1998 by Dominion Generation was used for the boundary temperature condition
at Richmond. This implicitly assumes that the temperature at JR1 is unimpacted by Chesterfield
operations for 1998. The validity of this asﬁumption is justified by how well the model reproduces
the 'tcmperatute at JR1. Finally, the hydrodynamic model requires the input of wind speed and
direction, air temperature, relative humidity and short-wave solar radiation. These data were
obtained from the Richmond Airport meteorological station.

ig
Chesterfield P.S. operational data were brought into the modeling framework by configuring
the plant’s intake and discharge flows and associated temperature in the model input module.

Discharge temperatures at the condenser for Units 3, 7, and 8 were directly used in the model.

However, for Units 4, 5 and 6, the discharge temperatures recorded at the condenser could not be
used directly, because these units do not immediately discharge to the Farrar Gut. Plant dischatges
from these units are routed via underground piping to the head end of a discharge canal where 2
continuous temperature monitoring station, 003, was located. The heated dischatges then flow to
Farrar Gut through the canal. Temperature measured at the nearest monitoring station in the Gut
was considered to be the true reflection of the plant’s thermal discharge. 1t should be noted that the
model requires 2 continuous- specification of temperature at the head end of Farrar Gut.
Temperature measured at FG1 was intermittent and therefore, regressions between the temperature
at FG1 and Staton 003, and Station 003 and the plant outlet temperatures (available hourdy
throughout the yeat), were used to fill in the missing data.

The model simulations were performed for January through December of 1998, a period
that encompéssed the majority of field measurements conducted by Dominion. Calibration and
validation of the model have been accomplished by comparing model results against observed tidal
levels and temincrature in Farrar Gut and the James River. To maximize the strength of the model’s
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skill assessment, the calibration and validation process is petformed concusrently using data from
twelve synoptic surveys representing the conditions in the James River and Farrar Gut during the
_ spring, summer and the winter months of 1998. A concurrent approach of calibration and validation
was adopted because the témperature data used for this study are statistically independent and they
represent a wide range of meteorological and hydrological conditions including hot summer and
cold winter months and high (spring) and low flow (summer) periods. The model calibration
patameters do not change in time. Therefore, the degree of reliability and robustness of the model
for reproducing conditions in both the James River and Farrar Gut during this wide range of
seasonal atmospheric and hydrologic conditions can be most reﬁably assessed. Calibrating and
validating the model for the entire year-1998 also encompasses a wide range of tidal (spring-neap
cycle) conditions. A successful model skill assessment using data over a complete annual cyclé 1s
arguably the strictest test of model performance (Blumberg and Prtchard, 1997). Overall the model
prediction of temperature during 1998 is quite good and the overall RMS error is 1.1C (2 OF).
Model calibration against tidal level data was also quite good The error is less than 1%.

The present analysis was directed at computing the tempetatute rise (AT) in Farrar Gut and
the James River for conditions when the plant was operating at full permit load capacity (5.55x10°
BTU/hr for Units 4, 5, and 6 and 1.78x10° BTU/hr for Units 3, 7 and 8). The model is used to
perform 2 continuous simulation for the entire 1998 period. For analysis purposes, we isolate the
periods when the synoptic surveys were conducted throughout the James River system. This is
because the survey data give a very accurate depiction of conditions in the entire river as they
capture both the vertical and horizontal thermal structure and seasonal temperature vatiations. We
examine the temperature rise for the times when synoptic survey data were available during 1998
(including summer and winter months). The average temperature rise (AT) is found to be 1.6C
(2.9F) at Station FG4 during permit load conditions. Accurate temperatute prediction at FG4, near
the confluence of Farrar Gut and the James River is considered an important part of the model
because this is the point at which the thermal loading from Qutfall 003 is ultimately discharged to
the James River. The average temperature rise for the entire Farrar Gut is 1.1C (2.0F) and for the
James River it is 0.6C (1.2F). These temperature rises are not high enough to produce significant

changes to the hydrodynamic characteristics of the James River system.



than the lower discharges of 1998 do. Figures 16a through 16¢ illustrate longitudinal profiles of
temperatures along the James River. The highest temperature tise occurs near stations JR4 and JR5,
downstream of Qutfalls 001 and 002. It should be noted that waters from Farrar Gut enters the
James between stations JR4 and JR5.

The average increase in temperatures due to full permit load conditions, during the synoptic

.su.rvcy perods, were 1.1C (2.0F) in Farrar Gut and 0.6C (1.2F) in the James River. This does not

include the synoptic survey on October 22, 1998 when the Chesterfield plant was not operating. The
average temperature rise due to permit load conditions at FG4 is 1.6C (2.9F). Station FG4 is a key
location at which the thermal loading from Outfall 003 is ultimately discharged to the James River.
These temperature rises are not high enough to produce significant changes to the hydrodynamic
characteristics of the James River system.

9. CONCLUSION

Chesterfield Power Station is in the process of renewing its NPDES permit. Dominion has
previously performed a Section 316(2) demonstration on the cooling water discharge for Units 4, 5
and 6 under various operating conditions. However, the demonstration did not focus on the
combined simultaneous operating conditons of these units at full penmt load. The Vuglma
Department of Environmental Quality (DEQ) identified the need for a modehng effort to
accurately predict the temperature in Farrar Gut under full permit load conditions of 5.55x10°
BTU/hr for Units 4, 5 and 6, and 1.78x10? BTU/hr for Units 3, 7 and 8.

The current study addressed the need to predict temperatures in Farrar Gut and the James
River, specifically at stations where synoptic surveys were conducted under full permit load
conditions. The three-dimensional hydrothetmal model, ECOM, was used in this study. The model
simulations were performed during Januaty through December of 1998, a petiod that was
sufficiently long enough to encompass the field measurements conducted by Dominion. Calibration
and validation of the model have been performed by comparing model results against observed tidal
levels and temperature data in Farrar Gut and the James River. The model skill assessment was
demonstrated by comparing the model predicted temperature against the observations at all the
stations surveyed by Dominion Generation during 1998, including the cold winter and hot summer
months. Overall the model prediction of tempetature for the entire period of 1998 is quite good

and the overall RMS error is 1.1C (2.0F). Model calibration against tidal level data was also quite
good.
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An analysis of the plant data and model results indicates that the Chesterfield PS. operating
loads are quite variable in time. These synoptic data give a very accurate depiction of conditions in
the entite river as they capture both the vertical and horizontal thermal structure as well as seasonal
- variability in temperature. The model calibration performed against these temperature profile data
provides a high level of confidence in the model. The present analysis was directed at computing
the temperature rise (AT) in Farrar Gut and the James River for predicted condition of when the
station was operating at full permit load capacity (5.55x10° BTU/hr for Units 4, 5 and 6, and
1.78x10° BTU/hr for Units 3, 7 and 8). For the times when synoptic sui:vey data were available
during the entire simulation period of 1998, including the summer and winter months, the ‘average
temperature rise (AT) is 1.6C (2.9F) at Station FG4, a key location for this 'study located at the
confluence of Farrar Gut and the James River. Accurate temperature predicton at FG4 is
considered an important part of the model because this is the point at which the thermal loading
from Outfall 003 is ultimately discharged to the James River. The average temperature tise for the
entire Farrar Gut is 1.1C (2.0F) and for the James River it is 0.6C (1.2F).
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Assessment of the Thermal Impact of Full Load Operation
of Chesterfield Power Plant on the Fish Assemblage
‘of the Lower James River Based on Hydrogual’s Revised Report

by Jobn J, Ney, Ph.D.
June 2003

I have read the revised Hydroqual report (dated April 25, 2003) Thermal
Modeling of Chesterfield Power Station on the James River end Farrar Gus, Virginia by
Blumberg, Ahsan and Li to evaluate how changes in the thermal regime due to
continuous full load operation of CPS conld affect the fish assemblage of the James River
in the vicinity of CES as well as of the Farrar Gut oxbow, to which three of the CPS units
discharge. The updated Hydroqual report is based on revised inputs concerning the
discharge point for heated effluent to Farrar Gut and maximum achievable pump flows
which would be necessary to operate CPS at full load.

It is my understanding that the revised full-load AT projections would result in an
average increass of 0.6 C in the James River and 1.1 C in Farrar Gut aver temperatures
actually measured at James River and Farrar Gut stations throughout 1998 as part of the
CPS 316(a) demonstration. ' '

I commented at length (March 2002) on the impacts to the fish assemblage that
would be associated with the full-foad thermal regime projections developed by
Hydroqual in an earlier draft report. In that report, the average James River AT for full-
load operation was projected at 0.4 C over 1998 survey temperatures, and the average AT
for Farrar Gut was 1.1 C. On the basis of these values, as well as monthly firll-load
projections, 1 concluded that:
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1. Full-load temperature increeses in the mainstern James River would not restriet
- the ability of any James River resident or anadromous fish species 1o find suitzble
habitats to meet its life cycle needs for reproduction, migration, growth, or survival.

2. Temperature tncreases in Farrar Gut could affect the duration of the annual
attraction (winter)/avoidance (sumumer) schedule. However, such changes would be $o
slight as o be beyond detection,

3, Frequency of fish kills in Farrar Gut would not inerease due to full-load
operation. '

Given theat the new Hydroqual full-load AT projections are virtually identical to
those in its earlier draft, I find no grounds for revising the conclusions summarized
above.

hn 1. Ney, Fh.D,
Professor- Fisheries Ecology
Dept. of Fisheries & Wildlife Sciences
VPI & SU
Blacksburg, VA 24061

LOCATION:8042732964 RX TIME  08/11 703 16:27



Assessment of the Thermal Impacts of Full Load Operation
of Chesterfield Power Plant on the Fish Assemblage
of the Lower James River

by JohnJ. Ney, Ph.D.
March 2002

Introduction

I have read the final draft of the Hydroqual report, “Thermal Modeling of the
Chesterfield Power Station on the James River and Farrar Gut, Virginia” (Blumberg and
Ahsan 2002) which predicts the temperature increases (ATs) that would occur in the
receiving waters if Chesterfield Power Station (CPS) was operated at 100% loading (heat
rejection of 5.5 x 10° BTU heat rejection) throughout the year. The following is my
assessment of the response of the James River fish assemblage to those temperature
increases. This analysis is based on my experience with the fish assemblage in the
vicinity of CPS and its response to cooling water discharge. I was the primary author of
the “Juvenile and Adult Fishes” section of the CPS 316(a) demonstration (Virginia Power
2000) and authored a 1996 report, “Analysis of the Incidence of Fish Mortalities in the
Vicinity of the Chesterfield Power Station”.

Hydroqual used the ECOM 3-dimensional, multi-grad model to predict
temperature increases for 8 dates (3 winter, 1 spring, 4 summer) during 1998 at four
stations in Farrar Gut (FG 1-4) and four stations in the James River. These dates were
chosen to correspond to thermal surveys conducted for the 316(a) demonstration so that
the model could be calibrated, and the predicted temperatures at 100% load could be
compared to observed temperatures. The eight dates selected were times when CPS was
. operating at >75% load, so that worst-case conditions (i.e., high temperatures) could be
examined.

The modeling effort appears to have been quite thorough, incorporating all
relevant meteorological and hydrological variables, and its grid system provides fine-
scale detail. Model validation was impressive, predictions agreeing with observations
within ~1 C. Therefore, I have confidence in the model output and base my assessment
on the temperature increases it predicts.

Response of the Fish Assemblage

The average predicted increase in AT for full loading in the James River'is ~0.4
C over the surveyed temperatures on the 1998 dates. Temperature increases of this
magnitude will not restrict the ability of any resident or anadromous James River fish
species to find suitable habitat to meet its life cycle needs — reproduction, migration,
growth, and survival, Temperatures in the mainstem James River increase so little that
they do not merit further ¢onsideration



For Farrar Gut stations, the average predicted increase in AT based on the 1998
datais 1.1 C. While such increases are small, they have the potential to affect the annual
attraction/avoidance cycle and the incidence of fish kills. I address both types of thermal
response below,

Attraction/Avoidance

Most James River fishes prefer water temperatures of 25-32 C and have upper
thermal tolerance limits of 36-40 C (Brown 1974; Houston 1982; Stefan et al. 1992).
Fishes in this warmwater species complex (e.g., catfishes, largemouth bass, bluegill
sunfish, gizzard shad) generally avoid waters >35 C, as was the case during 1997-99
summer surveys in Farrar Gut. The 316(a) demonstration also showed that the upper half
of Farrar Gut provided a winter thermal refuge for several species, notably gizzard and
threadfin shad and bluegill sunfish. Conversely, fish of all species avoided upper Farrar
Gut (stations FG1 and FG2, sometimes extending to FG3) during the heat of summer

(July surveys).

At full load, the Hydroqual model predicts winter water temperature increases of
~ 1 ¢ at Farrar Gut stations. Temperatures will still remain within the attraction range (15-
25 ¢) at stations FG1-FG3. The full-load predictions for summer (July-August) show
slightly greater ATs, probably because of reduced rate of atmospheric dissipation,

- averaging 2.1, 2.2, 1.2, and 0.9 C at stations FG1, FG2, FG3, and FG4, respectively.
Summer water temperatures at FG1 and FG2 commonly exceed 40 C under present
operating conditions, and fish avoid the area. They will continue to do so under full load.
Summer temperatures at FG3 are frequently in the avoidance range (36+ C) under current
operating conditions. The frequency of summer avoidance temperatures at FG3 may
increase slightly if CPS is operated continuously at full load. However, summer
avoidance temperatures should not occur at FG4 under 100% loading.

In summary, full load operation of CPS during winter should not attract more fish
to upper Farrar Gut. Continuous 100% loading could, however, prolong the period of
attraction a few days, depending on the temperature differential between the ambient
James River and Farrar Gut. Simiiarly, fish will continue to avoid upper Farrar Gut
during the peak summer months, with the duration of avoidance possibly prolonged a few
days and extending to FG3 a bit more often than presently occurs. These potential
temporal and spatial increases in the attraction/avoidance cycle are very slight; it would
probably require several years of intense monitoring to quantify them, given inherent
meteorological variability. They should have no discernable effects on the well-being of
the James River fish assemblage.

Potential for Fish Kills

Fish kills have occasionally occurred in Farrar Gut. Three documented kills
occurred during the late 1980s, most likely the result of malfunctions in the CPS



chlorination system. (Ney 1996). In response, the chlorination system was replaced; no
subsequent fish mortalities attributable to chlorine exposure have been observed.

However, a prolonged die-off, involving mostly gizzard shad, occurred during the
winter of 1996, and a kill of threadfin shad happened in February 1999. Threadfin shad
died when ambient James River temperature dropped below 7 C. The 1996 gizzard shad
die-off was most probably due to repeated exposure to rapidly alternating water
temperatures. In this extremely cold and snowy winter, the James River ambient water
temperature dropped to as low as 3 C, which can be lethal to gizzard shad (Williamson
and Nelson 1985). However, upper Farrar Gut temperatures were in the range of 16-21C,
At high water slack tide, the very cold James River water pushed up the Gut, resulting in
temperature drops of as much as 10 C within 1-2 hours. Gizzard shad can tolerate instant
temperature drops of as much as 13 C (Cox and Coutant 1976), but the stress of repeated
exposures (twice daily) to these shifts probably induced mortality.

Threadfin shad will continue to experience die-offs in the James River during cold
winters. This species, native to the far southern U.S. and Mexico, has migrated northward
as the climate has warmed, but it simply cannot tolerate cokd winters. Of more concern is
the potential for increased cold shock kills to gizzard shad such as occurred in 1996 if
CPS is operated at full load. To the degree that discharge temperature increases, the
temperature differential between it and incoming high-tide James River water will be
greater. The Hydroqual model predicts an increase of ~ 1 C in the upper Gut, which, for
the three 1998 winter dates examined, translated to a maximim of 21 C, which also
occurred in upper Farrar Gut during the 1996 die-off period. During that extreme winter,
high water slack temperature in Farrar Gut (measured by DEQ) dropped to as low as 11
C, resulting in a 10 C differential within 1-2 hours. The maximum differential would
continue or be slightly increased (to perhaps 11 C) at full loading. As noted above,
gizzard shad can tolerate this amount of cold shock, although probably not repeated
exposure to it. The incidence of such multiple-exposure, cold-shock kills is the direct
result of abnormally severe winters and can be expected to occur infrequently. Operation
of CPS at full load should not increase the frequency of such kills.

With the exception of the 1999 threadfin shad event, all documented fish kills in
Farrar Gut consisted predominantly of gizzard shad. As I noted in the 316(a)
demonstration, the gizzard shad is one of the most abundant fishes in the lower James
River and its population is refractory to localized die-offs.

Conclusion

Because the water temperature increases projected to result from full load
operation of CPS are so slight, any effects on the attraction/avoidance cycle and
frequency of fish kills in Farrar Gut would likely be so small as to be beyond detection,
given the variable influences of hydrology and meteorology. In my opinion, full load
operation of CPS, as projected by the Hydroqual model, will have no additional impact
on the abundance and composition of the James River Fish assemblage.
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Summary Conclusions

I have read the revised report from HydroQual dated April 25, 2003 (DRS10020) based
on corrected flows (Unit 6 now modeled with 403 MGD) and various letters (April 9,
2003) attesting to mis-assumptions in the modeling effort that had previously assumed
that the Chesterfield Power Generating Station (CPS) could operate at 100% without the
water pumps all operating at 100%. In the revised evaluation, average temperature
maxima are now 1.1°C in Farrar Gut and 0.6°C in the James River.

My evaluation is based on the original final draft (DRS 10010) of HydroQual dated
February 19, 2002, revised report dated July 8, 2002, and the revised report (DRS 10020)
dated April 25, 2003, and summary letters. HydroQual, Inc. performed full-load
modeling with the ECOM three-dimensional hydrothermal model developed by
Blumberg and Mellor (1980 and 1987). This model has been used successfully to model
hydrodynamic systems throughout the U.S. To simulate full-load operation, the model
was validated for on-site conditions at the CPS with data obtained from the
environmental studies conducted from January through December 1998 from the
Dominion Power monitoring survey (May 1997 through February 1999). These data were
supplemented by HydroQual with other input data, such as wind speed and direction, and
air temperature. The model was validated by simulating conditions during the survey
period and noting that model output mirrored the on-site conditions then. Hence, the
model could be used for subsequent simulations of full-load conditions. The model used a
variable grid structure horizontally with a smaller grid size in critical areas such as Farrar
Gut for finer detailed analysis of temperature conditions there. In Figures 14 and 15, the

model-simutation stightty overestinated summer téfiperatiires at station FG4 and it could
be argued that if the simulations for full load did the same, then the temperatures
predicted by the model in the summer were a worst-case scenario. Even so, temperatures
in Farrar Gut under full-load conditions increased, on average, only 1.1°C at FG4 and by
0.6 °C in the James River. These temperatures are slightly elevated over those observed

in the field during the monitoring survey and are minor compared to the natural-



environmental variability seen at the CPS sites observed under normal operating
conditions.

The specific effects of increased temperature on fish assemblages were addressed
previously by Dr. John Ney in his evaluation letter dated March 2002. The temperature in
Farrar Gut has remained the same in this new set of model simulations and the
ramifications of temperature increase to fish populations remain the same as in the last
report. The only change in the model output is in the James River. Temperatures have
increased b